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Preface:  From  SCIS  to  SCIIS 


Over  the  past  twenty  years  almost  a  hundred 
curriculum  projects  —  the  majority  in  science  — 
germinated  on  the  educational  landscape.  Some 
withered,  some  bloomed,  and  some  not  only  thrived 
but  went  on  to  propagate  successful  offspring.  Among 
the  latter  has  been  the  Science  Curriculum  Improve¬ 
ment  Study  (SCIS),  which  grew  out  of  Robert 
Karplus's  early  studies  of  elementary  school  children 
and  science  learning  in  the  1960s.  Funded  by  the 
National  Science  Foundation,  and  eventually  housed 
at  the  Lawrence  Flail  of  Science,  University  of 
California  at  Berkeley,  the  SCIS  program  became  one 
of  several  curriculum  projects  that  have  markedly 
changed  the  direction  of  elementary  science 
education  in  the  1970s.  After  extensive  testing  with 
thousands  of  students  and  teachers,  the  first 
commercial  edition  of  SCIS  was  published  by  Rand 
McNally  in  1970-72. 

The  educational  impact  and  acceptance  of  SCIS  was 
rapid  and  widespread.  The  insights,  commitment,  and 
enthusiasm  of  the  SCIS  developers  were  passed  on  to 
the  teachers  using  the  program  —  directly  and 
through  workshops,  in-service  training,  and  visitation 
programs  at  the  Lawrence  Hall.  These  efforts  were 
significantly  reinforced  by  the  publisher,  who 
sponsored  additional  programs  for  teachers,  set  up 
information  and  awareness  centers,  provided 
consultants,  and  serviced  thousands  of  schools  with 
its  representatives.  In  less  than  three  years  SCIS 
clearly  established  itself  as  a  program  to  emulate.  No 
other  available  materials  provided  science  educators 
with  so  much  flexibility  in  subject  matter,  classroom 
materials,  and  teaching  strategy,  within  a  clearly 
defined  conceptual  framework.  No  other  program  so 
explicitly  set  scientific  literacy  as  its  overall  goal  for 
children  — and  then  earned  the  documentation 
(mostly  from  independent  sources)  to  show 
achievement  of  that  goal.  No  other  program 
introduced  children  to  the  life  sciences  by  bringing 
live  organisms  into  the  elementary  classroom  for  di¬ 
rect  observation  and  study.  And  no  other  program 
that  focused  on  doing,  rather  than  reading  about,  sci¬ 
ence  was  more  widely  adopted  and  used  in  the 
schools. 

For  these  reasons,  SCIS  has  been  a  challenging 
program  and,  at  the  same  time,  one  that  has  been  a 


pleasure  to  teach  and  to  learn  from.  The  challenge  lay 
in  the  need  for  the  developers,  the  publisher,  and 
teachers  to  give  something  more  in  terms  of  time  and 
effort,  and  to  effectively  create,  deliver,  and  present 
to  students  the  concepts  and  activities  embodied  in 
SCIS.  For  example,  one  of  the  salient  and  essential 
features  of  the  program  is  the  presence  of  live 
organisms  in  the  classroom;  the  culturing, 
scheduling,  procurement,  use,  care,  and  mainte¬ 
nance  of  selected  plants  and  animals,  no  matter  how 
hardy,  required  a  commitment  over  and  above  that 
needed  in  a  "read-about"  science  program. 

On  the  other  hand,  that  SCIS  has  been  a  pleasure  to 
teach  is  a  judgment  that  comes  from  thousands  of 
educators  and  children  who  have  used  it.  An  over¬ 
whelming  majority  have  told  the  publisher  and  the 
authors  that  student  interest,  enthusiasm,  and 
achievement  have  been  markedly  increased  in  their 
classes — and  not  only  in  terms  of  science.  Language 
and  communication  skills  have  improved,  as  sup¬ 
ported  by  research.  Ability  and  willingness  to  ob¬ 
serve,  measure,  collect  data,  organize  information, 
reason,  interpret,  and  weigh  evidence  have  been 
characteristic  of  SCIS  learners.  Anticipating  and  then 
witnessing  these  outcomes  in  the  classroom  helps  to 
make  teaching  what  it  at  least  occasionally  needs  to 
be — a  joyful  experience. 

During  the  1975-76  school  year  Rand  McNally  in¬ 
vited  approximately  500  elementary  specialists  and 
teachers  using  SCIS  in  a  wide  variety  of  locations  and 
educational  environments  to  review  the  materials  and 
comment  critically  from  their  own  experiences.  They 
did  so  in  person  and  in  writing,  and  the  resulting 
feedback  has  provided  a  basis  for  thorough  revision 
by  members  of  the  original  SCIS  author  team.  Work¬ 
ing  together,  the  authors  and  the  publisher  began 
developing  the  new  program  you  now  have  in  hand. 
The  task  encompassed  far  more  than  merely  remodel¬ 
ing  the  existing  activities,  books,  and  equipment. 
New  activities,  concepts,  themes,  learning  compo¬ 
nents,  design,  packaging,  sources  of  supply,  delivery 
systems,  and  services  to  support  teachers  —  these 
and  other  features  of  the  new  program  were 
scrutinized  and  tested  in  schools  or  laboratories,  and 
measured  against  the  expressed  needs  of  the  schools. 

The  end  result  is  the  Rand  McNally  SCIIS  program. 


/Ve  are  pleased  with  it.  We  are  confident  that  it  will 
jrovide  you  and  your  students  with  even  greater  op- 
jortunities  for  learning  and  enjoyment  in  science — 
ind  in  ways  related  to  other  disciplines — than  did  its 
)redecessor.  And  we  want  to  hear  from  you  about 
'our  experiences  with  it  (see  the  Evaluation  Response 
:orm,  drawer  1,  in  the  kit). 

Finally,  our  thanks  to  the  many  teachers,  parents, 
ind  children  who  voluntarily  gave  us  the  benefit  of 
heir  comments.  We  would  like  the  reader  to  join  them 
—as  a  user  and  as  a  friendly  critic — in  the  ongoing  task 
)f  improving  science  education,  with  SCIIS. 


V  note  about  the  title  and  logo 

Ve  seem  to  be  nearing  a  time  when  the  supply  of 
>ossible  acronyms  for  educational  programs,  proj- 
;cts,  and  organizations  will  be  exhausted.  Rather  than 
ontribute  to  a  further  drain  on  the  supply,  we 
hought  it  singularly  appropriate  to  retain  much  of 
vhat  "SCIS"  has  been  —  in  name  as  well  as  in 
ubstance.  We  saw  the  task  as  one  of  improving  SCIS 
rom  within  a  conceptual  and  physical  framework  that 
lad  already  proven  itself  in  the  classroom,  rather  than 
imply  adding  on  from  outside  or  giving  the 
mpression  that  we  were  starting  from  scratch  again, 
fence,  SCIS  became  SCIIS,  with  another  I  inserted, 
md  something  resembling  the  original  "snowflake" 
urvives  in  the  logo. 

For  the  literal-minded,  the  new  I  may  serve  to  rep- 
esent  further  improvement,  or  more  innovation,  or 
with  its  partner)  a  two  (II).  Thinking  about  and 
ebating  such  fine  points  provided  hours  of  recre- 
tion  for  editors,  advertising  staff,  and  project 
nanagement.  We  would  prefer  that  you  call  the  pro¬ 
ram  "Rand  McNally  SCIIS"  to  avoid  confusion  with 
ie  earlier  SCIS  or  with  other  products  now  using  a 
imilar  name. 

or  the  Authors —  For  Rand  McNally— 

Herbert  D.  Thier  William  Miller 

August,  1977 
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The  Conceptual  Framework 


Diversity  and  change — in  the  landscape,  in  cloud 
formations,  at  the  zoo,  in  a  jar  of  sugar  water  forming 
rock  candy — attract  children's  attention  and  awaken 
their  interest.  Curious  about  their  surroundings,  chil¬ 
dren  naturally  seek  to  describe  and  sort  the  diverse 
animals,  plants,  and  nonliving  materials  they  discover. 
In  this  respect  they  resemble  scientists,  who  try  to 
understand  the  basic  conditions  governing  change. 

THE  GOAL:  SCIENTIFIC  LITERACY 

Through  investigation,  scientists'  understanding  of 
nature  advances  from  simple  hypotheses  to  complex 
theories.  Similarly,  children's  thinking  advances  from 
the  concrete  to  the  abstract  as  they  accumulate  expe¬ 
riences  and  ideas.  They  develop  more  effective  tech¬ 
niques  for  observing  and  testing  nature.  In  other 
words  they  become  scientifically  literate. 

Scientific  literacy  derives  from  basic  knowledge,  in¬ 
vestigative  experience,  and  curiosity.  In  the  SCI  I S 
program,  these  three  factors  are  integrated,  balanced, 


and  developed  through  the  children's  involvement 
with  basic  scientific  concepts,  process-oriented  con¬ 
cepts,  and  challenging  problems  for  investigation. 

CONCEPTS,  PROCESSES,  AND  ATTITUDES 

Educators  frequently  distinguish  among  content 
learning,  process  development,  and  attitude  forma¬ 
tion  when  they  describe  an  educational  program  or 
evaluate  its  outcomes.  The  SCI  IS  program  combines 
these  three  factors  into  an  integrated  whole,  match¬ 
ing  the  way  children  learn.  Children  are  introduced  tc 
scientific  content  through  firsthand  experiences  — 
with  magnets,  gears,  fish,  crickets,  and  a  wide  range 
of  other  living  and  nonliving  materials. 

In  the  course  of  their  investigations,  children  en 
gage  in  observation,  measurement,  interpretation 
prediction,  and  other  processes  essential  for  the 
development  of  scientific  literacy. 

Finally,  the  SCI  I S  program  helps  children  form  pos 
itive  attitudes  toward  science  as  they  explore  phe 


CONCEPTUAL  FRAMEWORK 


MAJOR  SCIENTIFIC 
CONCEPTS 

Interaction 

Matter 

Energy 

Organism 

Ecosystem 


PROCESS-ORIENTED 

CONCEPTS 

Property 

Variable 

System 

Reference  Object 
Scientific  Theory 


ATTITUDES 

Curiosity 
Inventiveness 
Critical  Thinking 
Persistence 


These  concepts  lead  to  de¬ 
velopment  of  competency  in 
observing,  describing,  com¬ 
paring,  classifying,  measuring, 
interpreting  evidence,  pre¬ 
dicting,  and  experimenting. 


omena.  Using  their  own  ideas  and  preferences, 
hildren  learn  to  cope  confidently  with  new  and 
nexpected  findings  by  sifting  evidence  and  form- 
ig  conclusions — thus  removing  the  "magic"  from 
:ience. 

ajor  Scientific  Concepts  Interaction.  The  concept 
f  interaction  is  central  to  modern  science — and 
lerefore  also  to  the  SCI  I S  program.  This  concept 
mbodies  the  scientific  view  that  changes  in  nature 
ike  place  because  objects  interact  in  reproducible 
ays  when  conditions  are  controlled.  In  the  scientific 
ew,  changes  do  not  occur  because  they  are  preor- 
ained  or  because  a  "spirit"  or  other  power  within 
ajects  influences  them  capriciously. 

When  objects  or  organisms  do  something  to  one 
aother  that  brings  about  a  change,  we  say  that  an 
iteraction  has  occurred.  When  you  clap  your  hands, 
ley  interact  with  one  another  and  the  air.  The  ob- 
arved  changes,  the  sensation  in  your  palms,  and  the 
adden  sound  are  evidence  of  interaction. 

Children  can  easily  observe  and  use  such  evidence, 
hey  can  watch  a  guppy  eat  a  daphnia,  hear  bubbles 
hen  seltzer  tablets  dissolve,  spin  a  compass  pointer 
ith  a  magnet,  and  detect  the  odor  of  decomposing 
rganic  materials.  As  they  advance  from  dependence 
n  concrete  experiences  to  the  ability  to  think 
astractly,  children  can  identify  the  conditions  under 
hich  interactions  occur  and  predict  their  outcomes. 

1  SCIIS,  four  major  scientific  concepts  elaborate  the 
iteraction  theme — matter ,  energy ,  organism,  and 
^osystem.  Children's  experiences  and  investigations 
i  the  six  units  that  make  up  the  physical/earth  sci- 
nce  sequence  are  based  on  matter  and  energy. 
Organism  and  ecosystem  provide  the  framework 
>r  the  six  units  in  the  life/earth  science  sequence, 
dditional  concepts  are  described  in  the  appropriate 
?acher's  Guides. 

Matter.  Matter,  or  material,  is  introduced  in  the 
CHS  program  through  the  solids,  liquids,  and  gases 
i  the  environment.  These  interact  with  human  sense 
rgans  and  with  each  other.  Material  objects  can  be 
escribed  and  recognized  by  their  color,  shape, 
eight,  texture,  and  other  properties.  As  children  in¬ 
stigate  changes  in  objects  in  the  SCIIS  physi- 
il/earth  science  sequence,  they  become  aware  of  the 
iversity  of  interacting  objects  and  their  properties. 
Energy.  Energy  is  the  inherent  ability  of  a  system  to 
ring  about  changes  in  itself  or  in  the  state  of  its  sur- 
)undings.  Some  familiar  energy  sources  are  the  nat- 
i  ral  gas  used  to  heat  a  kettle  of  water,  the  horse  used 
)  pull  a  plow,  the  unwinding  spring  that  operates  a 
ock,  and  the  discharging  battery  in  a  pocket  radio. 
ie  complement  of  an  energy  source  is  an  energy 
‘ceiver,  such  as  the  football  kicked  by  a  player  or  the 
e  cube  placed  in  warm  water.  The  interaction  be¬ 


tween  energy  source  and  receiver  results  in  energy 
transfer. 

Organism.  An  organism  is  an  entire  living 
individual  —  plant  or  animal.  It  is  composed  of  matter, 
and  it  uses  the  energy  from  its  food  to  develop,  grow, 
and  be  active.  The  organism  concept  represents  a  fu¬ 
sion  of  the  matter  and  energy  concepts,  but  it  is  much 
broader  than  the  sum  of  its  parts.  An  essential  factor 
is  the  organization  of  matter  into  cells  and  other 
structures  that  assure  continuity  of  life  from  genera¬ 
tion  to  generation. 

Ecosystem.  Awareness  of  the  interactions  between 
organisms  and  the  environment  leads  to  the  ecosys¬ 
tem  concept.  As  children  observe  living  plants  and 
animals  in  the  classroom  or  out-of-doors,  they  notice 
the  amazing  diversity  of  organisms  and  their  life  cy¬ 
cles.  They  observe  how  plants  and  animals  interact 
with  one  another  and  with  the  soil,  atmosphere,  and 
sunlight  in  the  complex  network  of  relationships  that 
constitute  an  ecosystem. 

Think  of  a  forest  as  an  example.  A  forest  is  more 
than  an  assemblage  of  trees.  Living  in  the  shade  of 
trees  are  shrubs,  vines,  herbs,  ferns,  mosses,  and 
toadstools.  Dependent  upon  these  plants  and  living 
among  them  are  insects,  birds,  mammals,  reptiles, 
and  amphibians.  The  animals  depend  on  plants  for 
food,  shelter,  and  other  needs.  The  plants  use  sun¬ 
light,  carbon  dioxide,  water,  and  minerals  to  make 
food  that  sustains  themselves  and  other  organisms  in 
the  forest. 

Process-Oriented  Concepts.  By  defining  and  em¬ 
phasizing  specific  concepts,  SCIIS  permits  teachers 
and  pupils  to  concentrate  on  the  objectives  of  the 
program.  Five  process-oriented  concepts — property 
(or  characteristic),  variable,  system,  reference  object, 
and  scientific  theory  —  underlie  and  are  essential  for 
development  of  competency  in  the  processes  of  ob¬ 
serving,  describing,  comparing,  classifying,  measur¬ 
ing,  interpreting  evidence,  predicting,  and  experi¬ 
menting. 

Property.  We  have  already  referred  to  the  prop¬ 
erties  by  which  an  object  may  be  described  or  recog¬ 
nized.  A  property  is  any  quality  that  enables  you  to 
describe,  compare,  or  classify  objects.  Color,  size, 
shape,  texture,  and  scent  are  pioperties  of  a  blossom¬ 
ing  plant;  color,  density,  and  hardness  are  properties 
of  a  mineral  specimen;  and  size,  color,  and  style  are 
properties  of  a  suit  of  clothes. 

Properties  also  enable  you  to  describe  concepts. 
For  example,  duration  is  a  property  of  a  time  interval; 
accuracy  is  a  property  of  a  carefully-made  measure¬ 
ment;  and  the  term  climate  (hot,  cold,  temperate) 
summarizes  the  properties  of  weather  in  a  specific 
region. 

Variable.  Properties  and  conditions  that  differ  from 
one  experiment  to  another  are  important  in  scientific 


work,  and  they  have  been  given  a  special  name — 
variables.  Examples  are  the  temperature  of  water 
being  warmed  by  the  sun,  the  amount  of  fertilizer 
added  to  a  potted  ivy  plant,  the  length  of  time  a 
flashlight  battery  has  been  used,  and  the  number  of 
crickets  feeding  on  a  particular  patch  of  grass. 

System.  System  is  a  word  that  has  entered  every¬ 
one's  vocabulary.  We  deal  with  the  nervous  system, 
communications  systems,  electronic  systems,  and 
systems  analysis.  In  all  of  these  a  system  is  a  whole 
made  up  of  related  parts.  Earth  and  its  moon  form  a 
system  of  two  closely  interacting  bodies  in  space.  A 
seed,  moist  soil  in  which  it  is  planted,  and  air  form  a 
system.  The  system  concept  reflects  the  fact  that  ob¬ 
jects  and  organisms  do  not  function  in  isolation  but 
exist  in  a  context  of  interaction  with  other  objects  or 
organisms. 

When  one  system  is  part  of  another  system,  it  is 
called  a  subsystem.  The  earth,  including  its  atmo¬ 
sphere,  plants,  and  animals,  is  a  subsystem  of  the 
earth-moon  system.  The  seed,  with  its  embryo,  seed 
coat,  and  stored  food,  is  a  subsystem  of  the  seed- 
soil-air  system. 

The  terms  object,  subsystem,  and  system  allow  us 
to  use  three  levels  for  grouping  the  elements  that  at¬ 
tract  our  attention  in  an  event.  We  shall  use  the  word 
"object”  for  individual  pieces  of  matter,  "subsystem” 
for  intermediate  groups  of  objects,  and  "system”  for 
the  largest  collection  under  consideration. 

We  have  concentrated  on  "closed”  systems  in  the 
SCIIS  physical/earth  science  sequence.  A  closed  sys¬ 
tem  is  defined  by  the  matter  of  which  it  is  composed. 
Whenever  matter  is  added  to,  removed  from,  or  re¬ 
placed  by,  other  matter,  the  original  system  becomes 
a  new  system.  When  nothing  is  added  or  removed,  a 
system  retains  its  identity  even  though  it  may  change 
in  form  or  appearance. 

Sometimes  (especially  in  the  life  sciences)  scientists 
find  it  useful  to  work  with  "open”  systems,  which  are 
defined  by  the  matter  occupying  a  certain  region  of 
space.  The  air  space  within  a  terrarium  is  an  example. 
In  an  open  system  there  may  be  changes  of  matter 
without  changes  in  identity — as  when  water  vapor, 
carbon  dioxide,  and  oxygen  enter  and  leave  the  air 
even  though  the  terrarium  is  covered.  The  ecosystems 
children  investigate  in  Level  6  are  examples  of  open 
systems.  Children  who  continue  to  study  science  may 
learn  to  distinguish  between  open  and  closed  systems 
when  that  distinction  becomes  important. 

Reference  object.  The  fourth  process-oriented  con¬ 
cept,  reference  object,  helps  children  overcome  the 
limitations  of  describing  position  and  motion  only 
from  their  own  point  of  view.  Space  exploration  has 
shown  that  we  can  no  longer  think  exclusively  in 
terms  of  up-down  and  north-south  as  defined  on  the 
earth.  For  young  children — who  at  first  relate  objects 


only  to  themselves — the  use  of  external  reference  ob¬ 
jects  is  a  challenge. 

In  SCIIS,  the  basic  concept  is  simple:  Position  anc 
motion  of  objects  can  be  described  only  with  refer 
ence  to  other  objects,  including  (possibly)  the  body  of 
the  observer.  When  you  say,  "Meet  me  at  the  north 
end  of  the  picnic  area,”  you  describe  the  location  of 
the  meeting  place  relative  to  the  picnic  area.  In  the 
example,  the  picnic  area  serves  as  reference  object 
and  the  compass  direction  serves  as  reference  direc¬ 
tion.  When  you  say,  "The  main  entrance  to  the 
museum  is  to  your  left,”  you  are  using  the  listener's 
body  as  reference  object. 

The  child  who  can  take  into  account  several  refer¬ 
ence  objects  and  reference  directions  overcomes  a 
spatially  self-centered  viewpoint.  The  concept  of  the 
earth  as  a  sphere  in  space  can  be  understood  only  irl 
relation  to  a  reference  object  not  located  on  the  earth 
itself;  therefore  an  understanding  of  reference  ob 
jects  is  fundamental  to  further  work  in  earth  anc 
space  sciences. 

Scientific  theory.  An  example  of  a  scientific  theory  is 
the  ray  theory  of  light,  which  holds  that  light  consists 
of  rays  propagating  from  a  lamp  or  other  light  source 
to  your  eye  or  an  illuminated  object. 

An  everyday  example  of  theory-building  can  be  de 
rived  from  a  look  at  a  common  pay  phone.  How  doe 
the  coin  turn  on  the  phone  connection?  One  migh 
imagine  that  the  coin  falls  on  and  depresses  a  smal 
platform,  thereby  closing  a  switch.  What  is  you 
theory  of  how  the  coin  turns  on  the  telephone?  Keef 
in  mind  that  many  phones  work  with  a  dime  but  no 
with  a  nickel,  or  with  two  dimes  but  not  with  three] 
nickels,  even  though  a  nickel  is  heavier  than  a  dime. 

Scientific  theories  provide  explanations  for  natura 
phenomena  such  as  light,  photosynthesis,  weather 
heredity,  chemical  combination,  or  the  solar  system 
A  theory  usually  postulates  certain  unseen  relation 
ships  or  objects,  such  as  light  rays  emanating  from 
lamp,  the  platform  in  a  telephone,  or  atoms  in  a  mate] 
rial  substance.  Theories  also  lead  to  predictions  an 
new  discoveries  about  the  events  being  investigated. 

If  the  predictions  are  not  borne  out,  a  theory  may  b 
discarded.  By  using  scientific  theories,  children  ca 
relate  present  observations  to  previous  and  su 
sequent  experiences  with  similar  events. 
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Structure  and  Content 


he  SCIIS  program  consists  of  thirteen  learning  units 
i  science  for  children  at  preschool,  kindergarten, 
nd  elementary  school  levels.  The  introductory  unit, 
eginnings,  leads  into  two  six-unit  sequences — the 
hysical/earth  science  sequence  and  the  life/earth 
cience  sequence. 

The  two  sequences  are  complementary  in  that 
ither  of  the  two  units  for  any  one  level  may  be  used 
rst.  For  example,  at  Level  1  you  may  use  Material 
)bjects  in  the  fall  and  Organisms  in  the  spring,  or 
ice  versa.  This  flexibility  permits  switching  of  units 
etween  two  classes  at  midyear.  (Supplementary  and 
Iternate  packages  of  materials  are  available  for 
chools  wishing  to  switch  units,  to  share  unit  kits 
mong  two  or  more  classes,  or  to  supply  exception- 
lly  small  or  large  classes.) 

The  physical/earth  science  sequence  guides  chil- 
ren  through  carefully  selected  investigations  of  the 
hysical  world.  In  the  same  way,  the  life/earth  science 
equence  focuses  attention  on  the  biological  world, 
oth  sequences  include  treatment  of  some  topics  re¬ 
tting  to  the  earth  sciences — shadow  astronomy,  map 
oordinates,  water  and  mineral  cycles,  and  climatic 
ictors  are  examples. 


SYNOPSES  OF  THE  UNITS 

Concepts  and  processes  developed  and  emphasized 
throughout  the  SCIIS  program  have  been  described 
in  the  preceding  "Conceptual  Framework."  The  fol¬ 
lowing  summaries  list  the  concepts  and  processes 
most  important  within  each  unit. 

Level  K  Beginnings 

Concepts  and  processes  emphasized  in  this  unit: 
color,  shape,  texture,  odor,  sound,  size,  quantity,  po¬ 
sition,  organism. 

The  Beginnings  unit  for  kindergarten  and  early 
childhood  education  offers  a  wide  variety  of  activities 
and  experiences  in  both  life  and  physical  sciences. 
Most  of  the  activities  are  designed  for  use  in  small- 
group  learning  situations.  Children  learn  to  observe, 
discriminate,  and  describe,  using  objects  and  or¬ 
ganisms  in  the  classroom  and  outdoors.  These  early 
experiences  help  them  develop  language  and  partici¬ 
pation  skills  and  contribute  to  their  growing  under¬ 
standing  of  science.  The  Beginnings  unit  leads  into 
the  physical/earth  science  and  life/earth  science  se¬ 
quences. 


SCIIS  STRUCTURE  AND  SEQUENCE  OF  UNITS 


K 


Physical /Earth  Science  Sequence 


BEGINNINGS 


Life/  Earth  Science  Sequence 


MATERIAL  OBJECTS  ORGANISMS 

INTERACTION  AND  SYSTEMS  LIFE  CYCLES 

SUBSYSTEMS  AND  VARIABLES  POPULATIONS 

RELATIVE  POSITION  AND  MOTION  ENVIRONMENTS 

ENERGY  SOURCES  COMMUNITIES 

SCIENTIFIC  THEORIES  ECOSYSTEMS 
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Physical /  Earth  Science  Sequence 

Level  1  Material  Objects 

Concepts  and  processes  emphasized  in  this  unit:  ob¬ 
ject,  property,  material,  serial  ordering,  evidence. 

The  children  handle,  observe,  and  describe  ob¬ 
jects.  They  learn  that  objects  are  composed  of  mate¬ 
rials  and  have  properties  by  which  the  objects  can  be 
discriminated;  that  some  objects  are  solids,  while 
others  are  liquids  or  gases;  that  objects  can  change; 
and  that  there  are  ways  to  recognize  evidence  of 
change.  Property  comparison  leads  to  the  concept  of 
serial  ordering.  As  the  children  investigate  the  prop¬ 
erties  of  various  materials,  they  realize  that  the  same 
substance  can  exist  in  more  than  one  form,  and  they 
gain  an  awareness  of  the  principle  of  conservation  of 
matter. 

Level  2  Interaction  and  Systems 
Concepts  and  processes  emphasized  in  this  unit:  in¬ 
teraction,  system,  evidence  of  interaction,  interaction 
at  a  distance. 

The  concept  of  interaction  is  introduced,  as  well  as 
the  concept  that  related  objects  or  parts  comprise  a 
system.  Students  examine  a  variety  of  interactions, 
some  of  which  are  directly  observable,  others  less  ap¬ 
parent.  The  evidence  that  an  interaction  has  taken 
place  comes  from  the  observed  change  in  the  system. 
The  children  investigate  gear/pulley  systems,  chemi¬ 
cal  systems,  magnetic  systems,  and  electric  circuits  to 
observe  and  interpret  evidence  of  interaction. 

Level  3  Subsystems  and  Variables 

Concepts  and  processes  emphasized  in  this  unit: 

subsystem,  solution,  evaporation,  histogram,  and 

variable. 

The  subsystem  concept  is  introduced  to  give  the 
children  a  grouping  of  objects  intermediate  between 
a  single  object  and  an  entire  system.  The  children's 
work  with  solid  and  liquid  materials  extends  their  un¬ 
derstanding  of  the  subsystem  concept.  They  learn 
that  filtering  will  separate  an  undissolved  solid  from  a 
liquid,  but  that  solids  dissolved  in  solutions  must  be 
identified  by  the  residue  that  remains  after  the  liquid 
evaporates.  Histograms  are  used  to  record  and  inter¬ 
pret  data  collected  by  the  students.  The  variable  con¬ 
cept  helps  them  to  identify  and  investigate  factors  in¬ 
fluencing  their  experiments. 

Level  4  Relative  Position  and  Motion 
Concepts  and  processes  emphasized  in  this  unit:  ref¬ 
erence  object,  relative  position,  relative  motion,  polar 
coordinates,  rectangular  coordinates. 

The  ideas  and  techniques  developed  in  this  unit  are 
related  to  concepts  of  earth  and  space  science.  Stu¬ 
dents  find  that  descriptions  of  position  and  motion 
are  meaningful  only  if  reference  to  objects  and  coor¬ 
dinate  systems  —  both  polar  and  rectangular — are  in¬ 


cluded  in  the  descriptions.  An  artificial  observn  j 
Mr.  O,  serves  the  children  as  an  introductory  ref i 
ence  object.  They  see  that  reference  to  different  c 
jects  and  coordinate  systems  leads  to  different  ell 
scriptions  of  position  and  motion.  Children  also  leal  j 
to  use  a  variety  of  reference  frames  to  describe  bc|l 
the  position  and  the  motion  of  objects  in  their  eve ; 
day  environment. 

Level  5  Energy  Sources 

Concepts  and  processes  emphasized  in  this  unit:  ell 
ergy  source,  energy  receiver,  energy  transfer,  enerfll 
chain. 

The  concepts  of  energy  source,  energy  transhj  I 
and  energy  receiver  constitute  the  core  of  the  u  ; 
and  are  illustrated  with  experiments  exploring  rrjj 
chanical  and  thermal  systems.  The  importance  -  > 
solar  energy  to  meet  some  of  our  needs  is  e 
phasized  in  this  unit.  The  children's  descriptions 
the  amounts  of  energy  transferred  from  a  source  tell 
receiver  help  to  prepare  them  for  understanding  a; 
applying  the  principle  of  conservation  of  energy.  !  I 

Level  6  Scientific  Theories 

Concepts  and  processes  emphasized  in  this  unit:  si-' 
entific  theory,  color,  magnetic  field,  electricity,  lit! ' 
ray. 

The  extended  investigations  and  formulation  of  sjf 
entific  theories  in  this  unit  conclude  the  physic}* 
earth  science  sequence.  In  Scientific  Theories ,  cl  • 
dren  create  their  own  theories  to  explain  their  obsll 
vations  of  colored  light,  magnetic  interactions,  el,- 
trie  circuits,  and  simple  ray  optics.  Investigations  p  • 
vide  opportunities  for  students  to  think  of  theories]* 
explain  the  operation  of  systems  of  interacting  obje  ; 
and  to  devise  tests  to  distinguish  among  altern  ; 
proposals.  In  doing  so,  they  gain  a  deeper  und.  • 
standing  of  how  scientists  work. 


Life /Earth  Science  Sequence 

Level  1  Organisms 

Concepts  and  processes  emphasized  in  this  unit:  - 
ganism,  birth,  death,  habitat,  food  chain,  decay,  j  ! 

The  stage  is  set  for  the  unit  as  children  plant  see  , 
watch  the  growth  of  the  seedlings,  and  experimen  3 
see  how  external  conditions  affect  growth.  Their  - 
servations  are  extended  to  a  model  ecosystem—  i 
aquarium.  They  observe  changes  that  occur  in  s 
aquarium,  including  the  growth  of  plants  and  anim  , 
animals  feeding  on  plants,  animals  eating  other  ill 
mals,  birth,  death,  and  decay.  Experiences  with  ck  - 
room  plants  and  aquariums  give  children  a  gen<  il 
introduction  to  the  overall  theme  of  the  life/earth  - 
ence  units:  the  interaction  of  organisms  with  tf  r 
environments. 
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_evel  2  Life  Cycles 

Concepts  and  processes  emphasized  in  this  unit: 
growth,  development,  life  cycle,  genetic  identity, 
alant  and  animal,  metamorphosis. 

Attention  is  shifted  from  the  ecosystem  as  a  whole 
to  some  of  its  important  parts — individual  plants  and 
animals.  Through  experiences  with  living,  dead,  and 
nonliving  objects,  the  children  have  an  opportunity  to 
learn  these  classifications  of  objects  around  them.  Liv¬ 
ing  and  dead  organisms  are  further  subdivided  into 
plants  and  animals.  By  observing  live,  growing,  devel¬ 
oping,  reproducing  plants  and  animals,  the  children 
become  aware  of  the  fact  that  living  objects  have  life 
cycles. 

_evel  3  Populations 

Concepts  and  processes  emphasized  in  this  unit: 
population,  plant-eater,  food  web,  biotic  potential, 
animal-eater,  plant-animal-eater,  predator-prey. 

The  children  learn  that  the  individual  plants  and 
animals  they  observed  in  previous  units  live  as  groups 
n  nature.  They  build,  maintain,  and  observe  ter¬ 
rariums  and  aquariums,  and  they  investigate  the  in¬ 
fractions  of  populations— food  webs,  for  example — 
n  each  system.  The  concept  of  biotic  potential  can  be 
nferred  after  the  pupils  are  asked  to  imagine,  with 
he  help  of  prepared  charts,  what  could  happen  in  a 
aopulation  if  reproduction  continued  without  any 
deaths. 

Level  4  Environments 

Concepts  and  processes  emphasized  in  this  unit:  en¬ 
vironment,  environmental  factors,  biotic,  abiotic, 
range,  optimum. 

The  environment  of  an  organism  consists  of  biotic 
factors,  which  include  all  the  other  plants  and  animals 
t  iving  in  the  same  area;  it  also  includes  abiotic  factors, 
;uch  as  light,  temperature,  air,  water,  and  soil.  The 
zhildren  experiment  with  both  plants  and  animals  to 
discover  the  effects  of  changing  various  factors,  to  es- 
ablish  a  range  of  conditions  for  testing  each  factor, 
and  to  find  the  optimum  part  of  a  range  for  each  or¬ 
ganism.  On  the  basis  of  data  collected  from  these 
axperimf  nts,  students  build  terrariums  with  suitable 
environments  for  the  organisms.  They  discuss  and 
©  alan  a  human  environment  that  includes  other  or- 

|  nanisms  on  which  humans  depend. 

' 

.evel  5  Communities 

Concepts  and  processes  emphasized  in  this  unit: 
Jr  pyramid  of  numbers,  raw  materials,  reproduction, 
|  zommunity,  producers,  consumers,  decomposers, 
|j|  ahotosynthesis,  food  transfer,  competitors. 
i);  In  Communities,  emphasis  is  placed  upon  interac- 
i  i  tions  among  different  populations  of  organisms,  the 
p  nost  important  of  which  concerns  food.  Students  ex¬ 
amine  the  interdependent  relationships  among  plants 


(as  producers),  animals  (as  consumers),  and  microor¬ 
ganisms  (as  decomposers).  The  children  investigate 
the  capacity  of  green  plants  to  produce  food.  They 
build  terrariums  containing  plants,  crickets,  and 
salamanders,  and  observe  the  food-chain  relation¬ 
ships.  And  they  observe  the  results  of  decomposition 
after  burying  dead  crickets  in  moist  sand. 

Level  6  Ecosystems 

Concepts  and  processes  emphasized  in  this  unit: 
ecosystem,  water  cycle,  oxygen-carbon  dioxide  cy¬ 
cle,  pollution,  food-mineral  cycle. 

The  cycle  concept  is  introduced  by  means  of  exper¬ 
iments  with  evaporation  and  condensation  of  water 
that  lead  to  an  understanding  of  the  water  cycle.  Stu¬ 
dents  learn  that  the  ecosystem  is  maintained  by  the 
intake  of  energy  from  the  sun  and  by  the  continuous 
recycling  of  materials  between  organisms  and  the  en¬ 
vironment  that  surrounds  them.  Ecosystems  are  seen 
to  include  all  the  concepts  in  the  life/earth  science 
sequence  as  children  see  the  pattern  of  ecosystems  in 
North  America  and  identify  their  own  ecosystem. 
Changes  in  the  balance  in  natural  ecosystems,  includ¬ 
ing  those  caused  by  pollution,  are  studied. 


Helping  Children  Learn  with  SCIIS 


SCIIS  is  a  science  program  based  on  direct  experi¬ 
ence.  It  is  intended  to  affect  the  ways  children  think 
and  reason.  In  addition  it  is  expected  to  influence 
how  they  will  reason  and  make  decisions  about  prob¬ 
lems  when  they  become  teenagers  and  adults.  Such 
thinking  and  decision-making  may  well  determine  the 
individual's  responses  to  a  wide  variety  of  personal 
and  societal  issues:  Should  I  smoke  or  not?  Should  I 
vote  for  or  against  the  use  of  coal  as  an  energy  source 
in  my  community?  In  both  cases  the  intelligent  per¬ 
son  must  be  able  to  understand  the  variables,  criti¬ 
cally  assess  advertising  campaigns  and  the  statements 
of  special  interest  groups,  and  separate  emotional 
appeals  from  real  evidence. 

SCIIS  fosters  this  kind  of  thinking  and  decision¬ 
making,  which  is  quite  different  from  the  kind  of 
-  skill-oriented  learning  that  takes  up  a  large  part  of  the 
child's  elementary  school  experience. 

-  The  need  for  skill  learning. -Children  need  to  learn 
the  skill  aspects  of  language,  writing,  and  arithmetic. 
Your  role  in  teaching  these  skills  is  that  of  an  instruc¬ 
tor  (one  who  imparts  information)  who  knows  pre¬ 
cisely  what  is  to  be  learned  and  "gets  it  across"  effec¬ 
tively.  The  importance  of  such  instruction  cannot  be 
questioned,  because  the  skills  are  basic  to  participa¬ 
tion  in  society. 

Development  of  reasoning.  The  individual,  however, 
deserves  and  needs  a  great  deal  more  than  skill  learn¬ 
ing  to  participate  meaningfully  in  a  democratic  soci¬ 
ety.  The  ability  to  use  one's  own  experiences  as  a 
foundation  for  understanding,  interpretation,  and 
decision-making  in  life  is  essential.  It  is  this  ability  to 
observe,  collect  evidence,  analyze,  and  use  the  in¬ 
formation  obtained  from  one's  experiences  that  is 
emphasized  in  the  SCIIS  program. 

For  these  reasons  your  role  when  teaching  such 
experience-based  science  is  that  of  a  helper  and 
fellow-investigator,  rather  than  only  that  of  an  author¬ 
ity  or  imparter  of  knowledge.  The  sections  that  follow 
describe  the  components  and  organization  of  SCIIS, 
and  how  you  can  use  the  program  to  help  children 
learn  both  science  and  the  approach  to  decision¬ 
making  inherent  in  science. 

PROGRAM  COMPONENTS 

Teacher’s  Guide.  Central  to  each  unit  of  the  SCIIS 
program  is  the  Teacher's  Guide.  It  shows  how  the  unit 
is  broken  into  parts  and  chapters.  Specific  learning 
objectives  are  listed  at  the  beginning  of  each  Part.  The 
rationale  underlying  the  Part  is  explained  under  the 
heading  "Background  Information."  Next  is  an 
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"Overview"  of  the  chapters  that  make  up  the  Part. 
Any  suggestions  for  organizing  time  and  equipment 
are  provided  in  notes  titled  "Planning  Ahead"  and 
"Getting  Ready." 

Each  chapter  begins  with  a  color  panel  containing  a 
chapter  synopsis,  the  time  suggested  for  covering  the 
chapter,  and  a  list  of  materials  needed  for  the  ac¬ 
tivities.  Major  headings  within  a  chapter  are  "Advance 
Preparation,"  "Teaching  Suggestions,"  "Optional  Ac¬ 
tivities,"  and  "Extending  Your  Experience  (EYE> 
cards."  If  background  information  specific  to  the 
chapter  is  needed,  it  is  included  just  before  "Advance 
Preparation." 

At  the  end  of  each  Part,  notices  tell  you  which  EYE 
cards  (in  the  kit)  may  now  be  made  available  to  the 
children  and  refer  you  to  the  appropriate  evaluation 
activity  at  the  back  of  the  Guide. 

Following  the  last  chapter  of  the  Guide  you  will  find 
an  "Evaluation"  section,  a  glossary  of  important 
terms,  and  a  page  explaining  design  and  use  of  the 
equipment  and  materials  kit.  The  life/earth  science! 
units  also  contain  an  appendix  on  care  of  organisms 
(following  the  glossary)  and  an  overall  schedule  of 
activities. 

Scheduling.  One  activity  may  extend  beyond  a 
single  science  session,  or  several  activities  may  be  in¬ 
cluded  in  one  session.  The  "Suggested  time"  for 
working  through  a  chapter  is  only  a  suggestion ;  adapt 
your  schedule  to  allow  for  special  student  interest  o 
for  greater  use  of  a  chapter  or  activity  that  is  particu 
larly  appropriate  in  your  locale. 

Teaching  suggestions.  Under  this  heading  you  wil 
find  all  the  activities  intended  for  use  by  the  whole 
class.  Most  activities  are  carried  out  by  individuals  or 
teams  working  with  the  necessary  materials  to  collect 
data  or  other  evidence.  While  this  happens,  you  are 
free  to  move  around  the  classroom  to  help  those  whe 
have  problems. 

Once  the  data  are  collected,  conduct  a  discussion| 
of  the  results,  and  encourage  children  to  draw  con 
elusions  about  the  data.  The  work  with  the  equipment 
and  materials  and  the  subsequent  discussions  are] 
fundamental  to  the  reasoning  and  decision-makin 
processes  SCIIS  is  designed  to  foster. 

A  willingness  to  improvise  and  depart  from  th 
teaching  suggestions  will  better  enable  you  to  meei| 
your  pupils'  needs.  Students  may  ask  questions  no 
anticipated  in  the  Guide  or  that  do  not  lead  in  th 
direction  you  planned.  When  this  happens,  permi 
the  pleasure  of  a  "side  trip"  by  encouraging  inter 
ested  individuals  or  small  groups  to  investigate  inde 
pendently  and  report  back  to  the  class. 


Optional  activities.  In  many  chapters  individual  and 
nail-group  needs  and  interests  are  met  by  the  “Op- 
anal  Activities”  section.  These  expand  upon  topics 
rought  up  in  the  chapter  or  help  in  reviewing  con- 
;pts  studied  earlier.  You  may  use  optional  activities 

extend  the  main  activities  if  a  child  raises  a  related 
question 

emphasize  one  topic  for  the  entire  class 
expand  the  unit  extensively  if  your  class  is  more 
mature  than  usual  for  this  level 

Optional  activities  make  use  of  materials  provided 
the  program,  common  household  supplies,  or 
her  readily  available  items.  We  hope  you  will  in- 
ude  at  least  a  few  of  these  activities  in  your  program, 
jt  we  do  not  expect  you  to  use  all  of  them. 
Evaluation  and  feedback.  Feedback  is  information 
at  comes  to  a  person  in  response  to  something  the 
rson  did.  As  a  teacher,  you  are  collecting  feedback 
om  your  pupils  most  of  the  time.  An  answer  to  a 
jestion  yields  feedback.  So  does  a  child  who  looks 
Jt  the  window  during  your  demonstration.  Informal 
edback  is  an  important  way  to  evaluate  the  progress 
your  class.  In  this  Guide,  we  will  try  to  alert  you  to 
edback  situations  in  which  children's  responses  are 
;ely  to  influence  your  teaching  plans. 

In  addition  to  the  feedback  suggestions  included  in 
ch  chapter,  we  have  prepared  an  evaluation  section 
at  uses  a  more  formal  approach  to  evaluating  your 
udents'  learning.  In  general,  there  is  one  evaluation 
tivity  for  each  Part  of  the  unit. 

Teacher’s  glossary.  Scientific  terms  and  concepts 
ed  in  the  unit  are  defined  in  the  glossary.  The  defi- 
tions  are  appropriate  for  reference  during  dis- 
issions  or  review  and  are  not  intended  to  be  techni- 
lly  exhaustive.  We  do  not  recommend  that  you  use 
e  glossary  to  have  children  memorize  formal  defini- 
)ns  of  terms  and  concepts. 

juipment  and  materials  kit.  Each  SCI  I S  kit  includes 
necessary  materials  for  the  unit  except  live  or- 
nisms,  common  items  such  as  pencils  and  paper, 
id  perishable  items  such  as  batteries. 

Each  chapter  in  the  Teacher's  Guide  begins  with  a 
t  of  materials  needed  and  their  location  in  the  kit. 
arred  (*)  items  in  the  list  are  to  be  provided  by  the 
acher.  “Design  and  Use  of  the  Kit"  (page  116)  and 
jels  on  each  kit  drawer  also  indicate  placement  of 
ms. 


ve  organisms.  The  life/earth  science  units  require 
at  you  order  shipments  of  live  organisms  (already 
>id  for),  prepare  suitable  habitats,  and  allow  time  for 
owth  and  development  of  the  organisms.  The 
e/earth  science  kits  contain  the  forms  for  ordering 
IMS  organisms.  At  the  back  of  the  Guide,  the  “SCI IS 


Plants  and  Animals"  appendix  and  the  “Schedule  of 
Activities"  will  help  you  plan  and  carry  out  all  work 
with  live  organisms. 

Student  manual.  The  student  manual  has  two  major 
functions:  It  helps  guide  the  children  through  their 
experiences  with  the  equipment  and  materials,  and  it 
provides  a  place  for  the  individual  to  record  observa¬ 
tions,  findings,  or  measurements.  During  many  ac¬ 
tivities  the  children  record  information  about  experi¬ 
ments  in  their  manuals.  This  may  provide  the  basis  for 
later  discussions. 

Encourage  children  to  make  entries  independently, 
even  though  their  reports  may  disagree  with  those  of 
classmates  or  with  what  you  consider  to  be  “correct." 
Some  children  may  change  their  responses;  let  them 
cross  out  the  first  entry  and  add  the  new  one.  In  this 
way,  their  original  record  is  preserved  and  may  be 
compared  with  later  observations.  Records  in  the 
manual  should  be  informative,  but  they  need  not  be 
perfect. 

In  addition  to  organizing  the  children's  work  and 
record-keeping,  the  manual  contains  some  problems 
to  be  solved  either  individually  or  in  class  discussion. 
But  most  of  the  manual  is  directly  related  to  the  chil¬ 
dren's  experiences  with  the  equipment  and  materials. 
This  relationship  makes  the  SCI  IS  student  manual  dif¬ 
ferent  from  the  typical  elementary  “workbook." 

Collect  the  manuals  periodically  to  review  the  chil¬ 
dren's  record-keeping  and  problem-solving  abilities. 
We  suggest  you  refrain  from  writing  in  the  manuals, 
either  to  commend  or  to  correct  mistakes.  If  you  find 
repeated  errors  in  reasoning  or  data  interpretation, 
arrange  for  a  conference  with  the  child. 

Extending  Your  Experience  cards.  These  cards  (two 
duplicate  sets  with  a  display  box)  are  provided  primar¬ 
ily  to  encourage  development  of  individual  interests. 
We  have  controlled  vocabulary  on  the  cards,  so  that 
most  children  should  be  able  to  read  them  unas¬ 
sisted.  The  illustrations  are  intended  to  help  the  chil¬ 
dren  work  independently.  Make  each  card  available 
—  by  adding  it  to  those  in  the  display  box  —  at  the 
time  its  use  is  recommended  in  the  Guide. 

The  cards  may  be  used  in  a  variety  of  ways,  ranging 
from  totally  independent  work  to  a  more  controlled 
situation  in  which  you  or  an  aide  suggest  and  super¬ 
vise  a  pupil's  use  of  a  card. 

Some  cards  may  be  used  for  review  or  remedial 
purposes.  Some  may  be  assigned  to  provide  addi¬ 
tional  experiences  for  children  new  to  the  SCI  I S  pro¬ 
gram.  The  cards  to  be  used  with  review  chapters  at 
the  beginning  of  the  Guide  will  prove  useful  for  these 
purposes. 

Encourage  children  to  report  orally,  in  writing,  or 
through  picture  displays  after  they  complete  work 
with  a  card.  They  can  report  to  you,  to  their  team,  or 
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to  the  class  as  a  whole.  In  this  way,  children  can  bene¬ 
fit  from  the  opportunities  for  language  development 
inherent  in  the  use  of  the  cards. 

As  children  express  interest  in  topics  not  covered 
by  the  cards  provided,  you  might  help  them  develop 
new  cards  that  relate  to  their  specific  interests. 

THE  LEARNER  IN  SCIIS 

The  SCIIS  program  is  intended  for  children  between 
the  ages  of  5  and  12-13  years.  Therefore,  the  teaching 
approach  needs  to  be  matched  to  the  learning  styles, 
interests,  and  capabilities  of  children  of  these  ages. 
Research  on  the  learning  of  young  children  has  led  us 
to  recognize  a  three-stage  development  in  the  way 
children  learn.  These  stages  are  explained  more  fully 
in  the  following  sections. 

Exploration.  Children  learn  about  something  through 
their  own  spontaneous  handling  and  experimenting 
with  objects  to  see  what  happens.  Thus  in  SCIIS  chil¬ 
dren  first  explore  materials  with  minimal  guidance  in 
the  form  of  instruction  or  specific  questions.  The  ma¬ 
terials  have  been  carefully  chosen  to  provide  a  back¬ 
ground  for  certain  questions  the  children  have  not 
asked  before. 

o  You  can  help  exploratory  activity  by  asking  ques¬ 
tions  and  making  comments  that  encourage  further 
involvement.  An  individual's  creative  use  of  materials 
can  be  pointed  out  as  a  means  of  providing  others 
with  new  ideas.  During  exploration  activities  you  have 
the  opportunity  to  observe  the  children  and  draw 
conclusions  about  their  existing  ideas  and  under¬ 
standings.  This  evaluation  can  be  the  basis  for  further 
planning  and  instruction. 

Invention.  Spontaneous  learning  is  limited  by  pre¬ 
conceptions.  After  exploration,  a  child  needs  new 
concepts  to  interpret  observations.  Since  few  chil¬ 
dren  can  phrase  new  concepts  by  themselves,  you 
will  have  to  provide  definitions  and  terms  as  new  con¬ 
cepts  arise.  This  constitutes  the  "invention.” 

•  During  an  invention  lesson,  be  clear  and  explicit 
when  you  give  a  definition,  repeating  it  several  times 
if  necessary.  To  give  the  children  opportunities  to  use 
a  concept,  encourage  them  to  look  for  examples  that 
illustrate  the  new  idea.  When  they  report  such  exam¬ 
ples  —  immediately  or  during  later  discovery  activities 
—  you  gain  feedback  about  their  understanding  of  the 
concept. 

Keep  in  mind  that  the  "invention"  or  introduction 
of  a  new  concept  is  just  the  start  of  an  experiential 
'process  for  a  child.  Knowledge,  understanding,  and 
eventual  ability  to  use  the  concept  in  daily  life  will 
come  from  experiences  the  child  has  during  and  after 
the  discovery  activities. 


Discovery.  We  use  "discovery"  to  describe  those  ac¬ 
tivities  in  which  a  child  finds  a  new  application  of  at 
concept  through  experience.  You  may  plan  a  variety 
of  situations  leading  to  discovery,  or  you  may  depend 
on  a  child's  own  experiences  to  furnish  these  applica¬ 
tions.  Discovery  activities  strengthen  the  original 
concept  and  enlarge  its  meaning.  Mastery  and  reten¬ 
tion  of  concepts  are  aided  by  practice  and  repeatedl 
application  in  the  variety  of  situations  provided  in  the 
activities. 

During  discovery  sessions,  your  role  is  to  assist  the 
children  so  they  can  effectively  work  with  materials 
and  see  how  concepts  apply.  In  this  stage  they  arq 
actively  involved,  and  you  can  spend  your  time  with 
individuals  or  small  groups  to  observe  their  work  and 
to  ask  questions  that  spur  further  investigation 
Where  necessary,  reintroduce  the  concept  previously 
explained  or  review  earlier  ones. 


The  learning  cycle.  Exploration/invention/discoven 
are  stages  in  a  learning  cycle  because  each  stage  car] 
always  lead  to  another.  Exploratory  sessions  fre 
quently  include  discovery  activities  for  prior  concept 
while  creating  a  need  for  your  introduction  of  the  nev 
concept.  Invention  sessions  frequently  lead  to  ques| 
tions  best  answered  by  giving  children  opportunitie 
to  work  on  their  own,  and  thus  to  discover  applica] 
tions  of  the  new  concept.  Discovery  activities  ca 
provide  opportunities  to  reintroduce  concepts  "in 
vented"  earlier  and  they  can  permit  children  to  ex 
plore  the  next  concept.  Diagrammatically  we  can  rep] 
resent  the  learning  cycle  this  way — 


The  Learning  Cycle 


At  the  beginning  of  the  "Teaching  Suggestions"  fc 
each  chapter  we  have  indicated  the  stage(s)  of  tin 
learning  cycle  emphasized  in  the  activities  that  follow ) 


Implementing  learning  stages.  Exploration,  inverl 
tion,  and  discovery  can  be  implemented  with  varyirj 
degrees  of  direction.  A  more  structured  approach  ; 
illustrated  when  an  entire  session  is  used  for  intr<^ 
duction  of  a  concept  in  a  presentation  to  the  who^ 
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ass.  This  should  be  preceded  by  exploratory  ac- 
ities  and  followed  by  discovery  activities  of  a  more 
•rsonalized  nature. 

Using  a  less  formal  technique,  you  may  introduce  a 
?w  concept  to  individual  children  during  their  ex¬ 
oratory  or  discovery  activities.  To  do  so,  join  one 
lild  or  a  small  group  and  use  the  child's  own  equip- 
ent  to  illustrate  the  concept.  This  method  may  be 
;ed  effectively  during  the  review  chapters  at  the  be- 
nning  of  each  unit  after  Level  1.  Regardless  of  the 
•proach  you  choose,  you  may  have  to  explain  and 
ustrate  a  new  concept  repeatedly  to  individual  chil- 
en  during  discovery  activities. 

EACHING  APPROACHES  AND  STRATEGIES 

rganizing  the  classroom.  Teachers  who  have  con- 
buted  to  the  development  of  the  SCI  I S  program 
ive  found  that  many  responsibilities  for  preparation 
id  cleanup  can  be  shared  by  pupils.  The  following 
ggestions  will  help  your  class  enjoy  successful  labo- 
tory  sessions: 

1.  In  many  SCI  IS  activities,  children  work  in  small 
teams  —  usually  pairs.  Plan  teams  carefully,  to 
insure  maximum  cooperation. 

2.  For  ease  in  managing  supplies  and  cleanup,  as¬ 
sign  two  or  three  teams  to  a  work  area  —  a  table, 
or  several  desks  of  equal  height  pushed  to¬ 
gether.  Such  a  group  can  share  one  water  con¬ 
tainer,  one  waste  pail,  soil,  and  other  shareable 
items.  They  also  can  exchange  ideas  about  the 
activity.  One  member  of  each  group  may  serve 
as  a  laboratory  aide. 

3.  Ask  your  aides  to  assemble  supplies  for  each 
team  or  group  and  to  help  you  in  passing  out 
equipment.  Or  you  can  have  them  assist  you  in 
placing  sets  of  equipment  at  distribution  stations 
around  the  room.  You  may  want  to  post  signs  at 
stations  to  identify  equipment  and  indicate  how 
much  is  to  be  used  by  each  team. 

4.  Invite  parents  or  other  community  members  to 
assist  you  as  aides  in  the  class.  Invite  individuals 
with  scientific  backgrounds  or  interests  to  pre¬ 
sent  special  activities  relating  to  activities  under 
way,  or  to  supervise  a  team  working  on  a  special 
project. 

scussions.  Conversation  among  children  or  be- 
/een  teacher  and  children  is  an  important  part  of  the 
arning  process.  While  participating  in  experiments, 
lildren  spontaneously  exchange  observations  and 
eas  with  one  another.  During  an  invention  session, 
>u  illustrate  and  explain  a  new  concept.  When 
ithering  feedback,  you  may  address  a  question  to  a 
irticular  child. 


On  other  occasions,  we  suggest  discussions  in 
which  the  children  report  on  their  experimental  re¬ 
sults,  compare  observations,  and  sometimes  chal¬ 
lenge  one  another's  findings.  Many  children  should 
participate  in  these  discussions,  and  you,  the  teacher, 
should  avoid  controlling  the  topic  or  the  pace.  En¬ 
courage  the  children  to  comment  to  one  another, 
without  calling  on  specific  individuals  to  recite  in 
turn.  Grouping  them  to  face  one  another  around  an 
open  area  promotes  exchanges. 

If  you  call  attention  to  disagreement  between  two 
findings,  you  invite  evaluative  comments  and  sugges¬ 
tions  —  which  may  lead  to  further  meaningful  dis¬ 
covery  activities.  Announcing  that  one  child  is  right 
and  another  one  wrong  rarely  leads  to  further  dis¬ 
covery  experiences.  Instead,  such  action  encourages 
children  to  ask  you,  as  the  authority  figure,  for  the 
answers;  it  reduces  their  commitment  to  indepen¬ 
dent  investigation  —  which  is  fundamental  to  an  un¬ 
derstanding  of  science. 

Asking  questions.  The  questions  you  ask  and  the  way 
in  which  you  ask  them  will  affect  the  children's  work 
and  attitudes.  Note  the  difference  between  "What  did 
we  study  yesterday?"  and  "What  did  you  find  out  yes¬ 
terday?"  Though  both  questions  call  for  review  of  a 
previous  activity,  the  former  only  seeks  an  answer  al¬ 
ready  in  the  teacher's  mind.  The  latter  inquires  into  a 
child's  own  experience. 

A  question  that  aims  for  a  predetermined  answer  is 
often  called  convergent  because  of  its  specific  goal. 
Most  questions  in  multiple-choice  tests  are  of  this 
nature  (as  are  many  questions  asked  by  some 
teachers).  A  question  that  allows  a  variety  of  answers 
is  often  called  divergent  because  it  may  lead  in  many 
directions.  Provocative  discussion  questions  are  usu¬ 
ally  of  this  nature. 

Suit  your  questions  to  your  purpose.  If  you  wish  to 
gather  feedback  about  understanding  or  recall  of  a 
certain  fact,  ask  a  convergent  question.  Often  this  is 
best  done  individually,  perhaps  while  small-group 
work  is  in  progress.  When  you  are  looking  for  a 
specific  answer,  make  this  clear  to  the  child. 

If  you  wish  to  spark  discussion  ask  a  divergent 
question,  and  then  sit  back  while  several  children 
propose  answers.  If  the  children  continue  their  dis¬ 
cussion  without  your  leadership,  so  much  the  better. 

Language  development.  During  extensive  use  in  ur¬ 
ban,  rural,  and  suburban  schools,  the  earlier  SCIS 
program  proved  to  be  particularly  helpful  in  improv¬ 
ing  children's  oral  language  skills.  Experience  with  the 
program  was  especially  effective  in  the  case  of  disad¬ 
vantaged  children,  whose  desire  to  participate  in  class 
discussions  increased  greatly. 

In  SCIIS  we  have  increased  the  suggestions  and  ac- 


tivities  especially  designed  to  encourage  oral  and 
written  language  development.  The  addition  of  Ex¬ 
tending  Your  Experience  cards,  for  example,  encour¬ 
ages  language  development,  since  the  child  is  asked 
to  describe  orally,  write  about,  or  prepare  a  display 
about  the  results  of  the  activity. 

Mathematics  development.  The  SCI  IS  program  can 
also  do  much  to  encourage  children's  development  of 
mathematical  concepts  and  processes.  Children  are 
urged  at  all  levels  to  consider  the  quantitative  aspects 
of  their  observations  and  activities.  For  example,  in 
the  Material  Objects  unit  (Level  1)  the  child's  concept 
of  number  is  reinforced  by  having  the  child  select  a 
specific  number  of  objects  as  indicated  by  a  numeral 
card  you  display.  Later,  in  Subsystems  and  Variables 
(Level  3)  and  Environments  (Level  4)  the  use  of  quan¬ 
titative  measurements  to  produce  histograms  and 
graphs  is  emphasized.  Such  use  of  quantitative  data 
provides  opportunities  for  reviewing  mathematical 
concepts,  processes,  and  skills.  For  many  children  the 
introduction  to  histograms  and  graphing  will  be  their 
first  experience  with  these  powerful  mathematical 
tools. 

Children  new  to  the  program.  The  great  appeal  of 
SCIIS  derives  from  its  reliance  on  direct  experience, 
and  most  children  will  learn  quickly  how  to  partici¬ 
pate  effectively.  However,  a  few  may  have  difficulty 
because  they  lack  background  or  are  not  accustomed 
to  working  independently.  You  can  take  several  steps 
to  make  the  transition  easier  for  them. 

First,  all  units  after  Level  1  begin  with  a  review.  By 
supplementing  the  review  with  appropriate  activities 
and  EYE  cards  from  previous  units,  you  can  help  chil¬ 
dren  become  familiar  with  concepts  introduced  ear¬ 
lier  in  the  program.  Use  these  activities  individually  or 
with  groups. 

Second,  you  can  help  a  child  gain  confidence  in 
independent  work  by  showing  him  or  her  that  there 
are  often  a  number  of  alternate  acceptable  proce¬ 
dures  and  results  in  an  activity.  Encourage  the  chil¬ 
dren  to  find  various  ways  to  use  pieces  of  equipment, 
commend  their  ideas,  and  let  them  share  their  find¬ 
ings  with  others. 


During  the  course  of  the  experiences  provided  by  the 
Communities  unit,  the  children  investigate  the  food 
relationships  among  populations  of  plants  and  ani¬ 
mals.  These  all-important  food  relationships  consti¬ 
tute  the  primary  interactive  force  among  all  or¬ 
ganisms. 

Following  a  review  of  Environments  children  exper¬ 
iment  with  seeds  and  germinating  plants  during  Part 
One,  discovering  that  food  stored  in  cotyledons  pro¬ 
vides  the  energy  for  early  development  and  growth. 
They  also  learn  that  after  this  stored  food  is  con¬ 
sumed,  plants  make  their  own  food  by  photosyn¬ 
thesis.  Because  they  do  this,  plants  are  later  classed  as 
producers. 

As  Part  Two  begins,  the  children  observe  the  feed¬ 
ing  behavior  of  animals  in  terrariums  containing  vari¬ 
ous  plants  and  animals — wheat,  radish,  mustard, 
beans,  grass,  crickets,  and  isopods.  They  observe  that 
plants  are  eaten  by  crickets,  isopods,  and  meal¬ 
worms;  and  these  animals  are  in  turn  eaten  by 
salamanders.  On  the  basis  of  these  observations  the 
children  describe  food  chains  and  infer  that  the  food 
plants  produce  by  photosynthesis  is  transferred  in 
some  form  along  the  chains  to  support  all  of  the  ani¬ 
mals.  The  children  infer  that  even  the  salamander, 
which  does  not  directly  eat  plants,  is  dependent  upon 
plants  that  provide  food  for  the  animals  that  the  sala¬ 
mander  eats.  As  a  result  of  experiments  with  the 
number  of  organisms  eaten  by  animals,  children  learn 
that  many  smaller  organisms  are  required  to  sustain  a 
single  consumer.  This  leads  to  an  understanding  of 
the  pyramid  of  numbers  concept. 

The  death  of  terrarium  organisms  sets  the  stage  for 
Part  Three.  When  animals  or  plants  in  the  classroom 
die  and  are  not  eaten  by  other  animals,  the  children 
observe  the  gradual  decomposition  of  the  bodies 
along  with  the  appearance  of  a  fuzzy  growth  and/or  an 
unpleasant  odor.  The  children  are  told  that  the  or¬ 
ganisms  responsible  for  these  changes  are  called 
molds  and  bacteria.  Through  experimenting  with 
yeasts  and  fruit,  the  children  learn  that  yeasts  also 
cause  decay. 

In  Part  Four,  food  chains  are  recorded  on  a  chart  to 
illustrate  the  pathway  of  food  from  one  population  to 


another.  The  terms  molds,  bacteria,  and  yeasts  are 
added  to  the  charts  to  show  that  food  is  transferred 
to  those  organisms  from  the  dead  bodies  of  plants 
and  animals.  Finally,  the  term  raw  materials  is  added 
to  the  chart.  The  children  learn  that  the  molds,  bac¬ 
teria,  and  yeasts  release  raw  materials  from  the  dead 
bodies  of  plants  and  animals  and  that  these  raw  mate¬ 
rials  are  then  used  by  plants  in  making  food,  which 
completes  the  food  cycle. 

The  plants  on  the  chart  are  identified  as  producers, 
the  animals  as  consumers ,  and  the  molds,  bacteria, 
and  yeasts  as  decomposers.  The  interacting  produc¬ 
ers,  consumers,  and  decomposers  in  a  given  area  are 
called  a  community. 

After  the  children  discover  young  organisms  in  their 
terrariums,  the  term  reproduction  is  introduced  and 
discussed  in  terms  of  its  function  in  maintaining  popu¬ 
lations  and  thus  food  supply. 

The  children  apply  the  community  concept  as  they 
play  a  card  game.  The  individual  cards  in  the  game 
represent  the  various  populations  in  a  community; 
the  goal  of  the  game  is  to  arrange  the  cards  in  ways 
that  reflect  the  food  relationships  among  these  popu¬ 
lations. 

Finally,  the  children  describe  a  food  web  in  which 
humans  are  central.  They  identify  some  of  the  animals 
that  eat  the  same  foods  we  do,  and  they  learn  that 
these  animals  are  called  our  competitors. 

Concepts.  The  following  major  biological  concepts 
are  introduced  and  applied  in  the  unit  through  the 
children's  experiments,  their  experience  outside  of 
the  classroom,  and  the  discussion  of  problem  situa¬ 
tions  described  in  the  student  manual: 


pyramid  of  numbers 
photosynthesis 
food  transfer 
raw  materials 
community 

Lesser  concepts  introduced 
don,  embryo,  and  generation. 


producers 

consumers 

decomposers 

competitors 

reproduction 

in  this  unit  are:  cotyle- 


OBJECTIVES 

To  analyze  an  illustration  representing  concepts  from  previous  SCIIS  units. 
il|To  identify,  through  experimenting,  the  raw-materials  sources  for  young  and  mature  plants. 
To  measure,  graph,  and  interpret  the  data  from  plant  growth. 

To  trace  food  through  the  stages  of  a  plant’s  life  cycle. 


BACKGROUND  INFORMATION 

I  All  organisms  need  food  to  live.  Food  contains  the  raw 
Imaterials  used  to  build  bodies  of  plants  and  animals; 
(when  combined  with  oxygen  it  provides  the  energy 
lrequired  for  living  processes.  Animals  obtain  food  by 
leating  plants  or  other  animals.  Plants  cannot  eat,  but 
[they  do  use  food.  They  make  their  own  food  by  a 
|process  called  photosynthesis. 

During  photosynthesis  a  plant  uses  the  energy  in 
Isunlight  to  combine  raw  materials  from  the  environ- 
Iment  into  food  for  itself.  When  the  plant,  or  an  animal 
Ithat  has  eaten  the  plant,  later  uses  the  food,  some  of 
■the  sun's  energy  is  recovered  and  is  used  to  maintain 
|the  organism. 

Some  of  the  food  a  plant  produces  is  used  im- 
Imediately  for  maintenance  or  for  growth.  The  rest  is 
Istored  in  various  plant  parts  for  use  at  times  when 


photosynthesis  cannot  take  place.  Humans  and  other 
animals  benefit  from  this  stored  food  when  they  eat 
plant  parts  such  as  roots  (carrots),  stems  (asparagus), 
leaves  (cabbage),  or  seeds  (beans).  Thus  photosyn¬ 
thesis  produces  plant  material;  this  is  the  source  of  all 
food  on  the  earth. 

Before  breaking  through  the  soil  and  reaching  the 
light,  young  plants  cannot  photosynthesize;  therefore 
they  must  depend  on  stored  food  during  seed  germi¬ 
nation  and  early  growth.  That  stored  food  was  photo- 
synthesized  and  stored  by  the  plants'  parents. 

You  can  see  both  the  stored  food  and  the  plant  em¬ 
bryo  in  a  bean  seed  that  has  been  soaked  in  water 
overnight.  Remove  the  softened  seed  coat  to  reveal 
the  two  halves  of  the  bean;  these  are  the  cotyledons, 
in  which  food  is  stored.  (Some  kinds  of  seeds  have 


Figure  1-1.  An  opened  seed. 


embryo 

cotyledon 
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only  one  cotyledon  for  an  embryo.)  When  the  cotyle¬ 
dons  are  separated,  you  will  see  the  plant  embryo 
attached  to  one  cotyledon.  The  embryo  consists  of  a 
small  root,  a  stem,  and  two  tiny  leaves.  When  the  seed 
germinates,  the  root  grows  down  and  the  stem  and 
leaves  grow  upwards.  During  this  early  growth  pro¬ 
cess  the  cotyledons  begin  to  shrink  as  the  stored  food 
is  used. 

After  the  seedling  emerges  from  the  ground,  the 
plant  is  exposed  to  light  and  begins  to  photosyn- 
thesize.  It  matures,  producing  flowers  and  fruits  in 
which  new  seeds  are  formed;  thus  the  plant  has  com¬ 
pleted  its  life  cycle. 

Because  plants  are  the  original  sources  of  all  food 
for  organisms,  biologists  refer  to  plants  as  producers. 
In  Part  One  children  learn  that  plants  produce  food, 
but  they  do  not  use  the  word  until  Chapter  17. 

OVERVIEW 

In  Chapter  1,  "Review,"  children  are  reacquainted 
with  certain  biological  concepts  from  earlier  SCI  IS 
units — environmental  factors,  organism,  plant,  ani¬ 
mal,  environment,  variable,  population,  range,  op¬ 
timum,  biotic,  abiotic.  In  Chapter  2,  "Plants  as  Food," 
the  children  cook  and  eat  various  kinds  of  seeds.  They 
also  plant  the  same  kinds  of  seeds  to  determine 
whether  they  will  also  grow  into  plants.  In  Chapter  3, 
"Looking  at  Seeds,"  children  identify  the  parts  of 
seeds.  In  Chapter  4,  "What  Seed  Parts  Develop  and 
Grow?"  they  discover  that  embryos  grow  but  cotyle¬ 
dons  do  not.  In  Chapter  5,  "Do  Plants  Need  Light  to 


Grow?"  students  experiment  with  grass  growing  in 
light  and  in  the  dark  and  discover  that  light  is  not 
necessary  for  germination  but  is  needed  for  con¬ 
tinued  growth.  You  introduce  the  concept  of  photo¬ 
synthesis.  Your  pupils  remove  the  cotyledons  from 
young  bean  plants  in  Chapter  6,  "Cotyledons";  see¬ 
ing  the  effect  on  subsequent  growth,  they  infer  that 
cotyledons  supply  food  for  young  plants.  In  Chapter 
7,  "A  Habitat  for  Plants  and  Animals,"  the  children 
build  terrariums.  The  organisms  will  be  added  later 
on.  Your  students  plant  seeds  in  Chapter  8,  "Beans 
Forever,"  and  observe  that  the  maturing  plants  flower 
and  reproduce,  which  illustrates  the  continuity  of  a 
population  and  of  food  production. 


GETTING  READY 

You  must  order  your  live  organisms  at  least  three 
weeks  before  you  plan  to  begin  Part  Two.  You  will 
need  crickets  (Shipment  C-1)  for  Chapter  9,  and 
salamanders,  mealworms,  and  isopods  (Ship¬ 
ment  C-2)  for  Chapters  11  and  12  (see  “Schedule 
of  Activities”).  When  you  mail  the  order  forms, 
record  on  your  calendar  both  of  the  arrival  dates 
you  requested. 

Before  doing  any  work  in  the  classroom  with 
living  organisms,  be  sure  to  read  “SCIIS  Plants 
and  Animals.” 


Review 


SYNOPSIS 

Children  identify  different  ways  in  which  we  adapt 
our  living  habits  to  adjust  to  the  environment. 
Children  analyze  a  composite  picture  to  identify 
concepts  from  previous  SCIIS  units. 


Suggested  time:  one  class  session 


TEACHING  MATERIALS 
For  each  child: 

Drawer  1 

student  manual  pages  2  and  3 

For  each  team  of  two  children: 
Drawer  1 

Everglades  picture,  small 

For  the  class: 

Drawer  1 

Everglades  picture,  large 


ADVANCE  PREPARATION 

Study  the  Everglades  picture  to  become  familiar  with 
its  content. 

TEACHING  SUGGESTIONS 

This  chapter  is  for  the  review  of  certain  concepts. 

Environments.  Call  the  children's  attention  to  some 
environmental  factor — perhaps  the  weather  is  windy, 
cold,  hot,  humid,  or  your  area  is  noisy,  smelly,  shade¬ 
less,  or  contains  some  other  unpleasant  factor — and 
ask  them  what  humans  do  about  that  environmental 
problem.  Encourage  a  discussion  of  the  adjustments 
humans  make  to  the  environmental  factors  which  are 
not  quite  right  for  them.  The  adjustments  do  not  have 
to  be  those  made  by  children  in  the  classroom;  rather 
they  can  be  adjustments  made  by  humans  anywhere. 

The  children  may  suggest  that  we  build  houses, 
cook  raw  food,  douse  fires,  sew  clothes,  refrigerate 
some  foods,  and  so  on.  It  seems  that  humans  are  al¬ 
ways  trying  to  make  changes  in  their  environments. 


Figure  1-1.  Many  environmental  adjustments  can  be  seen  in 
homes. 
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Figure  1-2.  One  class’s  ideas  about  how  humans  control  their  environments. 


On  the  chalkboard  list  the  key  words  for  each  of  the 
suggestions  on  how  humans  control  their  environ¬ 
ment.  Also,  in  a  second  column  list  any  of  the  science 
terms  the  children  use  in  this  discussion.  Such  terms 
as  organisms,  plants,  animals,  environmental  factor, 
environment,  variable,  population,  range,  and  op¬ 
timum  may  well  be  used  if  the  children  have  used  the 
SCIS  or  SCIIS  program  in  previous  years.  There  are 
many  possible  terms  representing  concepts  with 
which  the  children  have  had  experience. 

Extend  the  discussion  to  include  humans  living  in 
areas  other  than  those  where  your  school  is  located. 
For  example,  if  you  are  in  Minnesota,  ask  the  children 
what  they  know  about  the  environment  in  California 
or  Florida.  Must  the  people  there  make  different  kinds 
of  adjustments  in  their  environments  than  Minneso¬ 
tans  do? 

Worldwide  problems.  Perhaps  your  children  have 
been  studying  the  peoples  and  climates  of  other 
countries  in  social  studies  classes.  If  so,  the  idea  of 
necessary  adjustments  to  various  environments  can 
be  extended  even  further.  The  children  can  create 
stories,  research  and  write  a  short  paper  on  the  en¬ 
vironmental  problems  of  hymans,  or  prepare  a  dis¬ 
play  of  environmental  adaptations  around  the  world. 


They  may  begin  to  see  that  in  many  parts  of  the  work 
adjusting  to  the  environment  is  a  matter  not  just 
comfort,  but  of  survival.  For  example,  people  living  iij 
caves  many  kilometers  away  from  the  nearest  watt 
and  food  must  spend  their  time  hunting,  planting 
and  carrying  water,  not  on  inventing  refrigerators  am 
air  conditioners.  Many  human  populations  have  n> 
toilets,  are  diseased  because  the  climate  is  conduch 
to  the  growth  of  bacteria,  or  must  cope  with  bitte 
cold  or  extreme  heat. 

Using  student  manual  pages  2  and  3.  You  may  hav 

to  remind  the  children  to  write  their  names  on  then 
student  manuals. 

Distribute  the  Everglades  student  pictures.  Thes 
provide  an  opportunity  for  the  students  to  review] 
many  of  the  concepts  or  terms  from  the  previoi 
SCIIS  unit,  Environments ,  and  from  other  units. 

Post  the  large  Everglades  picture  on  the  chalkboar 
or  some  other  spot  that  is  clearly  visible  to  the  chi 
dren.  Tell  the  students  there  are  some  questions 
student  manual  pages  2  and  3  relating  to  the  picture 
They  may  use  either  the  small  pictures  or  the  enlarge 
picture  you  have  posted. 

Invite  the  students  to  work  in  teams  of  two  to  fir 
the  organisms,  objects,  and  concepts  in  the  illustr. 
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e  the  Everglades  picture  to  answer  these  questions. 

w  many  kinds  of  organisms  can  you  find’ _ 

me  at  least  two  kinds - 


lich  organisms  are  animals? 


ich  are  plants? 


w  many  different  populations  can  you  find? - - 

d  organisms  that  make  a  food  chain.  Draw  the  food  chain. 


at  are  some  of  the  organisms  in  the  small  birds'  (eaglets')  environment? 


CopyOgm  :  1976  by  Rand  McNMty  ft  Company  Printed  in  Ihe  United  States  of  America 

This  edtlion.  though  containing  some  material  copyright  c  1970, 1971  1972.  and  1974  by  the  Regents  of  the  University  ot  California,  Berkeley  California,  is  a 
Rand  McNally  ft  Company  publication  and  is  authorized  but  not  endorsed  by  the  Regents  ol  the  University  ot  California 

All  nghls  reserved  Any  pad  ol  this  work  nol  identical  to  material  previously  appearing  in  the  SCIS  program  may  not  be  reproduced  or  transmitted  in  any  lorm  or 
by  any  means,  electronic  or  mechanical,  including  photocopying  and  recording  or  by  any  information  storage  or  retneval  system  wilhout  permission  in  writing 
from  the  publisher 

For  permissions  and  other  nghls  under  this  copyright  please  write  to  Rand  McNally  ft  Company.  P  0.  Bos  7600,  Chicago,  ■not*  60680 


tion.  Tell  the  students  that  some  of  the  things  they  are 
asked  to  find  are  easy,  and  others  are  difficult.  Invite 
them  to  ask  you  about  any  question  or  word  they  do 
not  understand. 

Gathering  informal  feedback.  As  the  youngsters  be¬ 
gin,  walk  among  them  to  see  what  difficulties  they  are 
having.  During  this  part  of  the  activity  you  have  an 
opportunity  to  assess  their  backgrounds  and  levels  of 
understanding  about  many  concepts  needed  as 
background  for  this  unit.  You  may  want  to  refer  to  the 
glossary  of  terms  on  page  107  when  a  question  about 
a  term  arises.  By  referring  to  the  glossary  you  will 
know  just  how  a  particular  concept  was  explained  to 
the  students  in  preceding  SCI  I S  units. 

You  may  either  lead  the  class  by  asking  the  follow¬ 
ing  questions  or  invite  the  children  to  read  and  an¬ 
swer  the  questions  in  the  student  manuals.  The  advan¬ 
tage  of  your  asking  the  questions  is  that  the  children 
can  concentrate  more  on  the  illustration  and  hear 
their  classmates'  answers.  The  group  approach  also 
provides  opportunities  for  discussion  when  there  are 
disagreements. 

•  How  many  kinds  of  organisms  can  you  find  in  the 
picture?  Name  at  least  two  kinds  of  organisms. 

•  Which  organisms  are  animals? 


Cbftptei  1 

What  nonliving  environmental  factors  can  you  find? 


What  abiotic  environmental  problems  do  the  running  deer  have? 
Do  you  see  a  possible  biotic  problem  for  the  browsing  deer? 

The  pine  trees  near  the  center  of  the  picture  are  smaller  and 
farther  apart  than  those  at  the  top  left. 

What  environmental  factor  may  have  caused  this? 

For  a  pine  tree,  where  is  the  optimum  range  for  that  factor? 


What  is  the  range  of  that  factor  for  the  pine  trees? 


For  a  fish,  where  is  the  optimum  range  for  that  factor? 


Figure  1-3.  The  Everglades  picture. 
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•  Which  organisms  are  plants? 

•  How  many  different  populations  can  you  find? 

•  Find  organisms  that  make  a  food  chain.  Draw  the 
food  chain. 

•  What  are  some  of  the  organisms  in  the  small 
birds'  environment? 

•  What  nonliving  environmental  factors  can  you 
find? 

•  What  abiotic  environmental  factors  affect  the 
running  deer? 

•  What  biotic  environmental  problems  do  the 
browsing  deer  have? 

•  The  pine  trees  near  the  center  of  the  picture  are 
smaller  and  farther  apart  than  those  at  the  right. 
What  environmental  factor  may  have  caused  this? 

•  Where  was  the  optimum  range  for  that  factor  for  a 
pine  tree? 

•  Where  was  the  optimum  range  of  that  factor  for  a 
fish? 

After  the  students  have  finished  discussing  the 
questions,  they  will  probably  have  recalled  several  of 
the  biological  terms  introduced  in  earlier  SCI  IS  units. 
If  they  worked  independently,  ask  what  answers  they 
found  and  encourage  them  to  share  these  with  each 
other.  This  will  give  you  an  opportunity  to  review  any 
vocabulary  terms  they  do  not  understand  and  to 
clarify  those  about  which  they  are  uncertain. 


EXTENDING  YOUR  EXPERIENCE  CARDS 

Suggestions  for  using  these  cards  are  on  page  xvii. 


1.  Populations  in  Pictures.  Children  selecting  this 
card  will  need  a  picture  of  a  field,  forest,  prairie,  or 
other  terrain  that  includes  organisms.  Some  of  the 
more  common  sources  for  such  pictures  are  Natural 
History,  National  Geographic,  and  National  Wildlife 
Magazine.  Poster  board  or  construction  paper,  scis¬ 
sors,  and  tape  or  glue  will  also  be  needed. 


organisms 
plants 
food  chains 
abiotic  environmental 
factors 
range 
animals 
populations 
biotic  environmental 
factors 


SCISi  Communities 


In  a  nature  magazine,  find  a  picture  showing 
several  plants  and  animals. 

Paste  the  picture  at  the  top  of  a  piece  of 
poster  board  or  construction  paper. 

At  the  bottom,  list  as  many  of  these  things 
as  you  can  find  in  the  picture: 
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CHAPTER  ONE 

Populations  in  Pictures 


SYNOPSIS 


Plants  as  Food 


Children  cook  and  eat  various  seeds. 

They  plant  seeds  of  the  same  kind  to  determine 
whether  they  will  become  plants. 

Suggested  time:  one  class  session  to  set  up, 
followed  by  seven  to  nine' days  of  observation 


TEACHING  MATERIALS 
For  each  child: 

student  manual  page  4 
For  each  team  of  two  children: 

Drawer  2 

2  plastic  ziplock  bags 

1  wire  hook 

Drawer  3 

seeds  (2  rice,  2  bean,  2  corn,  2 
wheat) 

2  labels 

For  the  class: 

paper  towels  * 
spoon  * 

hotplate  (optional)  * 

butter,  salt,  and  pepper  (optional)  * 

1  two-quart  sauce  pan  (optional)  * 
soilt 

Drawer  2 

4  plastic  ziplock  bags 

Drawer  3 

seeds  (50  rice,  50  bean,  50  corn,  50 
wheat) 

6  water  sprinklers 
Drawer  5 
4  planter  cups 

*  provided  by  the  teacher 
$  Sand  and  Soil  box 


CAUTION 

If  you  use  seeds  other  than  those  provided  in  the 
kit,  be  sure  they  have  not  been  treated  with  a 
fungicide  or  pesticide.  Children  should  not 
handle  treated  seeds. 


ADVANCE  PREPARATION 

You  can  boil  these  seeds  at  your  home,  using  one  of 
your  own  pans.  Boil  about  fifty  seeds  of  each  kind  for 
10  minutes.  You  can  put  all  the  seeds  in  one  pan, 
cover  with  water,  and  boil  them;  or  you  can  put  all  the 
seeds  of  each  kind  in  a  labeled  bag,  add  some  water  to 
each  bag,  and  immerse  the  bags  in  the  pan  of  boiling 
water. 

Rinse  the  boiled  seeds  in  cold  water  and  spread 
them  out  on  paper  towels  or  a  clean  dish  towel  to 
prevent  them  from  sticking  together. 

If  you  plan  to  cook  the  seeds  at  school  instead  of  at 
home,  you  will  need  to  have  a  2-quart  saucepan  there. 


TEACHING  SUGGESTIONS 

This  activity  is  an  exploratory  segment  of  the  learning 
cycle  for  the  producer  concept,  in  which  the  children 
find  out  that  the  same  kind  of  seeds  from  the  same 
packages  can  be  either  a  food  for  humans  or  the 
source  of  new  plants. 

Cooking  and  planting  seeds.  If  you  have  a  hot  plate 
or  can  borrow  one  for  the  class,  the  students  can  cook 
their  own  seeds. 

Show  the  students  uncooked  rice,  bean,  corn,  and 
wheat  seeds  from  the  kit.  Ask  what  the  seeds  are  used 
for.  You  will  hear  two  basic  uses:  (1)  the  seeds  grow 
new  plants,  and  (2)  the  seeds  are  food  for  humans  and 
other  animals. 

Suggest  to  the  children  that  they  both  plant  and 
cook  some  of  these  seeds.  Some  can  be  boiled  and 
eaten,  others  planted;  thus  the  class  can  determine  if 
the  seeds  that  become  plants  are  the  same  kinds  hu¬ 
mans  can  eat.  Divide  the  class  into  two  groups,  the 
"cookers”  and  the  "planters."  Further  divide  the 
groups  into  teams  of  two.  (Let  children  choose  their 
own  groups,  but  discourage  having  all  the  boys  plant 
and  all  the  girls  cook.) 

You  probably  have  only  one  hot  plate  and  one 
saucepan,  so  the  cooks  will  have  to  share  the  equip¬ 
ment.  Show  the  cooking  teams  the  ziplock  plastic 
bags  and  suggest  that  they  place  their  seeds  in  the 
bags  along  with  a  little  water,  seal  and  label  the  bags, 
and  place  them  in  the  boiling  water.  This  will  allow 
each  team  to  take  out  its  seeds  when  they  are 
"cooked  to  perfection."  If  the  class  wishes  to  cook 
each  seed  type  in  a  single  bag,  encourage  them  to  do 
so.  You  or  an  aide  should  watch  the  pot,  both  to  con¬ 
trol  the  boiling  and  to  make  sure  there  are  no  acci¬ 
dents  with  the  boiling  water. 

Cooking  time  for  the  seeds  varies;  5-8  minutes  is 
usually  sufficient.  A  little  butter,  salt,  and  pepper  will 
improve  the  taste  but  are  not  necessary. 

Students  should  also  use  ziplock  bags  for  planting. 
Suggest  that  they  add  enough  soil  to  each  bag  to  cover 
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Figure  2-1.  Cooking  the  seeds  to  be  eaten. 
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Chapter  2 


These  foods  come  from  plants. 

Name  the  plant  or  plants  each  food  is  made  from. 


spaghetti 


FOOD 


PLANT  FROM  WHICH 
FOOD  IS  MADE 


PART  OF  PLANT 


rice  pudding 


tossed  salad 


grits 


sauerkraut 
cake 
catsup 
french  fries 
cider 

chili  con  carne 


Add  more  foods  to  the  list.  Name  the  plants  they  are  made  from. 


Figure  2-2.  Do  these  seeds  also  develop  into  plants? 


the  bottom  to  a  depth  of  2  cm  when  the  bag  is  held 
upright.  They  should  plant  about  ten  seeds  in  this  soil, 
and  water  the  soil  with  the  sprinklers  until  it  turns 
dark  (which  indicates  that  most  of  the  soil  is  moist). 
Seal  and  label  the  bags  with  the  names  of  the  team 
members,  weave  a  wire  hook  through  the  hole  in  each 
of  the  bags,  and  hang  them  on  the  planter  support 
(Figure  2-2). 

When  the  seeds  have  been  cooked,  distribute  them 
to  the  students  on  clean  paper  towels.  Have  each 
child  taste  each  type.  Encourage  any  associations  that 
students  may  make  such  as,  “This  one's  like  the  cereal 
I  eat,”  "We  eat  this  all  the  time,”  or  "Hm,  it's  like 
potato  chips,  baby  food,  and  bread  all  wrapped  up  in 
one.”  Such  associations  will  help  the  children  under¬ 
stand  that  seeds  are  sources  of  food  for  animals — or 
at  least  for  humans. 

Depending  on  the  students'  previous  experiences 
they  may  talk  about  animals  other  than  humans  eating 
seeds  and  about  the  plants  from  which  seeds  come. 
All  such  statements  are  helpful — it  is  important  that: 
the  students  realize  all  animal  life  is  supported  by 
plants,  and  plants  are  the  source  of  all  food  on  the 
earth. 

There  will  be  other  opportunities  throughout  this 
unit  to  reinforce  this  basic  idea,  and  you  should  be, 
alert  for  them. 

Using  student  manual  page  4.  After  the  tasting  and 
discussion  segments  have  been  completed,  tell  the 
pupils  to  see  how  many  plants  they  can  identify  as 
being  the  sources  of  various  human  foods. 

Growing  plants.  Approximately  every  other  day  en¬ 
courage  the  students  to  examine  their  planted  seeds 


Chapter 2  /II 


o  see  if  seeds  similar  to  the  ones  they  ate  also  pro¬ 
duce  plants.  Plant  shoots  should  begin  appearing 
/vithin  seven  days,  and  some  plants  of  each  kind 
should  emerge  by  the  tenth  day. 

When  you  have  several  plants  of  each  kind,  display 
them.  Ask  the  students  whether  the  same  kinds  of 
seeds  that  developed  into  these  plants  could  be  used 
as  animal  food  also.  From  the  evidence  in  this  activity 
they  should  realize  that  one  pea  seed  can  be  eaten, 
another  can  become  a  plant. 

Someone  may  ask  if  a  cooked  or  eaten  seed  can  still 
Jbecome  a  plant.  Do  not  scoff,  but  encourage  the  chi I- 
lldren  to  discover  the  answer  experimentally. 

N  Cooked  seeds  will  not  develop  or  grow,  of  course. 
LlOn  the  other  hand,  a  seed  that  has  been  eaten  may 
ater  become  a  plant!  The  explanation  for  this  is  that 
he  seed  merely  passed  through  the  animal's  intestine 
ind  was  not  really  used  as  food.  If  a  seed  has  been 
Jigested  and  its  contents  assimilated  into  an  animal's 
Dlood,  that  seed  will  never  become  a  plant. 

Cleanup.  Discard  growing  plants  or  give  them  to  stu¬ 
dents  who  would  like  them.  If  the  soil  appears  to  be 
n  good  condition  still,  return  it  to  the  soil  supply. 
?inse  (do  not  wash  in  detergent)  and  air  dry  the 
alanter  bags  before  returning  them  to  the  kit.  Discard 
he  excess  cooked  seeds. 

OPTIONAL  ACTIVITIES 

Will  cooked  seeds  grow?  Have  some  students  cook 
various  kinds  of  seeds,  plant  them  in  planter  bags  or 


cups,  and  see  if  they  will  develop  into  plants.  The 
same  kinds  of  seeds — uncooked — should  be  planted 
by  other  students  at  the  same  time  and  in  the  same 
way,  to  serve  as  controls  for  the  cooked  seeds.  If  this 
is  not  done,  the  students  cannot  be  certain  that  the 
cooked  seeds  would  have  been  viable  if  left  un¬ 
cooked. 

Making  food  from  seeds.  Make  some  cookies  from 
wheat  seeds  ground  into  flour.  Using  well-washed 
mortars  and  pestles,  hard  rocks,  or  a  hammer,  let  stu¬ 
dents  pulverize  enough  wheat  seeds,  lentils,  barley, 
or  oats  obtained  from  a  food  store  (not  a  farm  supply 
or  feed  store)  to  yield  1  cup  of  flour.  Mix  this  flour 
with  %  cup  of  sugar  and  Vi  teaspoonful  of  baking 
powder.  Add  1  egg,  2  tablespoons  of  butter  or  mar¬ 
garine,  and  3  tablespoonfuls  of  milk.  Stir  well,  form 
into  small  cookies,  and  bake  on  a  greased  pan  for 
10-12  minutes  at  375°F.  This  recipe  makes  about  15 
cookies.  Let  the  entire  class  taste  them. 


GETTING  READY 

Begin  soaking  bush  beans  seeds  and  lima  bean 
seeds  about  30  hours  before  starting  Chapter  3. 
See  the  “Advance  Preparation”  section  on  page 
12. 


Looking  at  Seeds 


SYNOPSIS 

Students  dissect  seeds  and  examine  the  contents. 
Suggested  time:  one  class  session 

TEACHING  MATERIALS 
For  each  child: 

student  manual  page  5 
2  paper  towels  * 

Drawer  3 

2  bush  bean  seeds 
2  lima  bean  seeds 

For  the  class: 

masking  tape  * 

Drawer  1 

Cotyledons  and  Embryo  chart 

Drawer  4 

2  six-liter  plastic  containers 
8  ninety-ml  plastic  cups 

*  provided  by  the  teacher 


ADVANCE  PREPARATION 

Soak  eighty  bush  beans  {Vi  package)  and  eighty  lima 
beans  (V2  package)  for  about  IV2  days  before  begin¬ 
ning  this  activity.  Use  two  6-liter  plastic  containers, 
each  containing  just  enough  water  to  cover  the  ribs  on 
the  container  bottom.  Set  up  three  or  four  distribu¬ 
tion  stations  for  the  soaked  seeds  and  the  paper  tow¬ 
els.  Distribute  the  seeds  in  labeled  plastic  cups;  the 
labels  will  help  the  children  identify  the  seeds  later. 
Keep  the  folded  Cotyledons  and  Embryo  chart  in  a 
convenient  place  for  later  use. 

TEACHING  SUGGESTIONS 

This  activity  continues  the  exploratory  part  of  the 
learning  cycle.  The  children  examine  a  seed  and  its 
parts,  and  they  learn  the  names  of  the  cotyledon  and 
embryo. 

Introducing  seeds.  To  begin  this  activity  show  the 
children  some  soaked  seeds  and  ask  what  is  inside  or 
if  they  think  all  the  seeds  are  alike.  Allow  your  stu¬ 
dents  time  to  volunteer  their  ideas.  You  will  obtain 
some  feedback  about  how  much  experience  your 
children  have  had  in  observing  seed  development  and 
growth.  If  they  seem  inexperienced,  encourage  them 
to  examine  two  of  each  kind  of  seed. 

Dissecting  seeds.  Student  manual  page  5  (left).  Dis¬ 
tribute  the  materials  and  tell  your  students  to  keep  the 
seeds  on  the  paper  towels.  Then  show  the  children 
how  to  carefully  split  the  seeds  lengthwise  along  the 
middle  with  a  fingernail  or  pencil,  as  in  Figure  3-1. 
Allow  plenty  of  time  for  them  to  open  the  seeds  and 
ask  several  students  to  describe  the  various  seed 


Figure  3-1.  Using  fingernails  to  open  a  soaked  bean  seed. 
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parts.  The  children  should  describe  or  draw  seed 
parts  on  the  left  side  of  page  5. 


Naming  the  seed  parts.  Display  the  Cotyledons  and 
Embryo  chart  and  identify  the  two  cotyledons,  which 
are  outlined  in  heavy  black  ink. 

•  Explain  to  the  children  that  each  of  these  is  one 
cotyledon.  (Some  seeds,  such  as  corn,  have  only 
one  cotyledon  per  seed,  but  beans  have  two.) 

•  Then  point  out  the  illustration  of  the  embryo  em¬ 
bedded  in  the  cotyledon.  The  embryo  includes 
the  point  of  attachment  to  the  cotyledon,  the 
stemlike  structure,  and  the  leaves. 

•  Ask,  "What  do  you  think  the  embryo  and  cotyle¬ 
dons  do  as  the  plant  grows?" 

•  Do  not  explain  the  function  of  each  seed  part 
now.  Rather  ask  the  children  how  they  might  find 
out  which  seed  part  grows  and  tell  them  they  will 
be  able  to  test  their  ideas  during  the  next  science 
period. 


Using  student  manual  page  5  (right).  Ask  the  children 
to  look  at  their  drawings  or  descriptions,  then  predict 
what  they  think  will  happen  to  each  seed  part  as  the 
plant  grows. 

Cleanup.  Discard  all  the  seed  parts.  Rinse  and  dry  the 
6-liter  containers  and  the  cups  before  returning  them 
to  the  kit. 


Chapter  3 
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Draw  or  describe  the  seed  parts 
you  see. 


What  will  each  of  these  parts 
do  for  the  growing  plant? 
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OPTIONAL  ACTIVITIES 


EXTENDING  YOUR  EXPERIENCE  CARDS 


Dissecting  other  seeds.  Your  students  may  wish  to 
examine  seeds  other  than  those  provided  in  the  kit. 
Some  of  these  may  be  monocotyledonous  (one 
cotyledon  instead  of  two)  such  as  corn,  cereal  grains, 
and  onion. 

Testing  for  water  absorption.  If  the  children  have  not 
noticed,  point  out  that  the  water  disappeared  around 
seeds  that  were  soaking.  To  test  whether  the  water 
evaporated  or  was  soaked  up,  pupils  may  prepare  two 
dishes,  each  containing  3  teaspoonfuls  of  water.  They 
can  soak  ten  bean  seeds  in  one  dish  and  compare  the 
water  loss  with  that  occurring  in  the  other  dish. 

Soaking  and  drying  seeds.  Some  children  may  won¬ 
der  whether  a  seed  that  has  been  soaked  and  then 
dried  (as  might  happen  in  a  summer  rainstorm)  would 
grow.  Have  them  soak  ten  seeds  for  one  day,  then 
allow  them  to  dry  for  a  day.  This  procedure  can  be 
repeated  for  five  to  ten  days.  Meanwhile,  in  another 
container  (the  control)  ten  beans  should  be  kept 
moist  continuously.  The  children  can  keep  a  record  of 
the  beans'  germination  in  each  container.  Both  types 
of  treatment  will  probably  result  in  seed  growth  if 
neither  set  of  seeds  was  totally  immersed  in  water. 

Heating  seeds.  Students  may  wish  to  heat  some  seeds 
to  desert  temperatures  (55°C,  or  130°F)  before  plant¬ 
ing  to  see  whether  this  affects  their  growth.  The  seeds 
can  be  placed  near  a  light  bulb  for  as  long  as  desired, 
then  planted. 


2.  Immature  Seeds.  The  student  selecting  this  card 
will  need  to  collect  some  different  seeds  from  various 
kinds  of  plants.  Some  soil,  water,  and  containers  for 
planting  will  also  be  needed. 


/ 

\ 

CM 

\ 

J 

CHAPTER  three 

Immature  Seeds 


In  the  area  around  your  school  or  home,  find 
some  plants  that  have  seeds. 

Remove  a  few  seeds,  take  them  to  the 
classroom,  and  open  them. 

Are  there  embryos  inside? 

Are  the  embryos  in  the  large  seeds 
larger  tharv  those  in  the  small  seeds? 

Plant  some  of  the  largest  and 
smallest  seeds  of  the  same  kind 
to  see  if  they  will  develop 
and  grow. 


GETTING  READY 

Soak  some  more  bush  beans  for  1!4  days  before 
beginning  Chapter  4.  See  the  “Advance  Prepara¬ 
tion”  section  on  page  15. 


What  Seed  Parts 


Develop  and  Grow? 

ADVANCE  PREPARATION 


SYNOPSIS 


Children  experiment  to  determine  which  seed 
parts  or  combination  of  parts  will  develop 
and  grow. 

They  plot  the  growth  of  the  plant  parts  and  infer 
that  the  cotyledon  is  food  for  the  embryo. 

Suggested  time:  about  two  weeks 


TEACHING  MATERIALS 

For  each  child: 

student  manual  pages  6  and  7 

For  each  team  of  two  children: 

crayons  (1  red,  1  green,  1  orange,  1 
yellow)  * 
paper  towels  * 

Drawer  3 

6-8  bush  bean  seeds 
1  label 

Drawer  4 

1  ruler 

Drawer  5 

1  planter  cup 
1  square  base 
1  germination  disk 

For  the  class: 

paper  towels  * 
tissue  paper  strips  * 
masking  tape  * 

2-4  paper  clips  * 

Drawer  1 

Growth  of  Seed  Parts  graph 
Day  Guide  A 

Drawer  2 

6  water  sprinklers 

Drawer  3 

adhesive  dots  (1  red,  1  green,  1 
orange,  1  yellow) 

Drawer  4 

1  six-liter  container 
1  container  lid 

*  provided  by  the  teacher 


About  1V2  days  before  you  begin  the  activity,  you  will 
need  to  soak  some  bush  bean  seeds.  To  do  this  put 
about  5  mm  ( V «  in)  of  water,  or  just  enough  to  cover 
the  ribs  on  the  bottom  of  the  container,  in  a  6-liter 
terrarium.  Add  about  five  paper  towels  to  the  water, 
pour  in  about  150  (1V4  packages)  of  bush  bean  seeds, 
spread  the  seeds  out,  and  cover  them  with  two  more 
paper  towels.  Then  cover  the  entire  container  with 
one  of  the  plastic  lids  before  beginning  the  activity. 

Set  up  the  seeds,  cups,  bases,  germination  disks, 
rulers,  and  towels  at  three  distribution  stations.  Take 
out  the  graph  titled  Growth  of  Seed  Parts  and  add 
colored  adhesive  dots  to  the  key.  We  suggest  that  you 
assign  the  following  colors: 

yellow  -  embryo 
red  -  cotyledon 

orange  -  embryo  with  one  cotyledon 
green  -  embryo  with  two  cotyledons  (whole 
seed) 

TEACHING  SUGGESTIONS 

This  activity  is  another  exploratory  opportunity,  lead¬ 
ing  to  the  understanding  that  (1)  the  embryo  is  the 
part  of  the  seed  that  grows,  and  (2)  it  grows  only  if 
attached  to  a  cotyledon. 

Planning  the  experiment.  Remind  the  children  of  the 
seed  parts  (embryo  and  cotyledons)  they  examined  in 
Chapter  3  and  review  what  they  think  each  part  of  the 
seed  does.  To  initiate  the  class  experiment  you  might 
ask  which  parts  of  the  seed  the  children  think  would 
develop  and  grow.  Have  the  students  refer  to  their 
predictions  on  student  manual  page  5. 


Figure  4-1.  Showing  the  children  how  to  position  the  seed  parts 
on  the  germination  system. 
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Suggest  to  your  students  that  they  can  find  out 
which  seed  parts  will  grow.  On  the  chalkboard,  list  or 
draw  the  embryo,  cotyledon,  embryo  with  one 
cotyledon,  and  embryo  with  two  cotyledons  (whole 
seed)  as  they  will  be  placed  on  the  germination  disk. 
Your  drawing  should  resemble  that  in  Figure  4-1 .  Then 
suggest  that  these  parts  be  "planted"  so  the  children 
can  observe  the  germination  process. 

Setting  up  the  experiment.  Show  the  children  a  ger¬ 
mination  system,  which  consists  of  a  cup,  a  base,  and 
a  germination  disk.  Bend  one  edge  of  the  disk  so  it 
dips  into  the  reservoir  in  the  plastic  base.  Place  the 
disk  in  the  center  of  the  base  so  the  bent  edge  is  deep 
in  the  reservoir,  then  invert  the  cup  over  the  raised 
circular  ridge  of  the  base  and  twist  it  into  place.  You 
can  show  the  class  how  to  moisten  the  paper  (Figure 
4-2). 

The  children  can  now  refer  to  your  drawing  to  see 
how  to  place  seed  parts  on  the  germination  disks. 
Allow  the  teams  to  get  their  materials  and  open  the 
soaked  seeds.  Because  the  embryos  may  be  injured  if 
the  beans  are  opened  from  the  inside  curve,  you 
should  explain  that  the  seeds  should  be  carefully 
opened  from  the  outside  curve. 

As  you  visit  each  team,  look  for  the  children  having 
difficulty  separating  the  embryos.  The  isolated  em¬ 
bryo  should  be  unbroken  and  not  have  any  cotyledon 
parts  attached  to  it. 

After  the  children  have  prepared  their  germination 
systems,  they  should  label  the  cups  with  their  names 
and  the  date.  The  children  should  add  water  to  the 
reservoir  in  the  base  immediately;  thereafter  the  sys¬ 
tem  should  be  watered  every  two  days. 

Recording  data.  Students  keep  three  separate  rec¬ 
ords  during  this  activity:  student  manual  page  6,  the 
class  graph,  and  student  manual  page  7.  If  you  feel  it  is 
unnecessary  for  the  children  to  record  and  graph 
their  individual  data  in  the  student  manual,  you  may 
omit  these  pages.  However,  many  teachers  have 
found  that  children  are  better  able  to  interpret  graphs 
after  carrying  out  the  personal  data  manipulation. 

Using  student  manual  page  6.  The  children  should 
use  rulers  to  measure  the  length  of  each  seed  part 
placed  on  the  germination  disk  before  storing  the 
germination  systems.  Encourage  the  children  to  lay 
the  ruler  down  gently  on  the  seed  part,  rather  than 
handling  the  seed  part.  Close  estimates  (within  5  mm) 
are  quite  satisfactory.  The  trend  is  more  important 
than  absolute  accuracy  of  measurement. 

To  be  sure  that  the  children  know  what  they  are 
measuring  in  each  case,  have  them  label  the  drawing 
at  the  top  of  this  page.  Ask  them  to  record  their  meas¬ 
urements  on  the  first  line  of  the  chart,  which  is  Day  0. 
Your  pupils  should  make  six  to  eight  more  meas¬ 
urements  over  the  next  fifteen  days. 


Figure  4-2.  To  moisten  the  paper,  squeeze  water  into  the  chan¬ 
nel  in  the  base. 
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Date  planted _ 

Label  the  seed  parts  shown  in  the  picture 

Record  the  length  of  each  seed  part 
on  planting  day.  Do  it  again  during 
your  experiment. 


DAY  AFTER 

PLANTING 

EMBRYO 

COTYLEDON 

EMBRYO  WITH 

ONE  COTYLEDON 

WHOLE  SEEI 

two  cotyledons 
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Figure  4-3.  Positioning  Day  Guide  A  on  the  graph. 


Storing  the  germination  systems.  The  germination 
systems  may  be  stored  in  a  lighted  area  of  the  room 
where  the  temperature  is  below  35°C  (90°F).  Direct 
sunlight  is  not  advisable.  Or  the  systems  may  be  taped 
to  the  children's  desks  or  tables  for  casual  observa¬ 
tion.  If  mold  appears  in  a  system,  have  a  child  remove 
the  cup  so  that  the  plant  parts  can  dry  out;  the  cup 
should  be  replaced  after  1  or  2  hours. 

Within  three  days  your  pupils  will  notice  a  root 
developing.  When  this  happens,  they  should  measure 
it  and  record  their  data  on  page  6. 

How  to  graph  the  growth.  After  all  children  have  re¬ 
corded  two  measurements  for  each  seed  part,  tape 
the  Growth  of  Seed  Parts  graph  in  a  convenient  place. 
Show  the  children  the  graph  key  and  explain  that  each 
seed  part  or  combination  of  parts  has  been  assigned  a 
different  color.  Tell  the  children  that  they  will  record 
the  growth  of  the  seed  parts  on  the  graph. 

Children  who  have  studied  the  previous  SCI  IS  Envi¬ 
ronments  or  Relative  Position  and  Motion  units  will 
have  had  experience  in  graphing  data.  Nevertheless  a 
brief  review  is  desirable. 

•  To  demonstrate  how  to  record  data  on  the  graph, 
have  one  child  bring  her  student  manual  to  the 
graph.  Ask  how  many  days  have  gone  by  since  the 
seed  parts  were  planted. 

•  Point  to  the  line  that  represents  that  day. 


•  To  help  the  children  record  their  data  on  the  cor¬ 
rect  vertical  line,  place  Day  Guide  A  over  the 
graph  so  the  proper  vertical  line  is  just  to  the  left 
of  the  guide,  as  in  Figure  4-3.  Use  paper  clips  or 
tape  to  attach  the  guide  to  the  graph. 

•  Ask  another  child  how  long  one  of  the  seed  parts 
is  now. 

•  He  should  move  his  finger  up  the  scale  to  the  line 
that  represents  the  length  in  millimeters  for  that 
particular  seed  part  and  place  a  dot  of  the  appro¬ 
priate  color  at  that  point  (Figure  4-4). 

Figure  4-4.  Using  the  Day  Guide  to  position  the  dots. 
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KEY:  (3  Embryo  (3  Whole  seed 

O  Cotyledon  iwTc^ZL* 

(3  Embryo  with 
one  cotyledon 

GROWTH  OF  SEED  PARTS 

1  2  3  4  5  6  7  8  9  10  11  12  13  14  15 

DAY  AFTER  PLANTING 

If  the  class  still  seems  unsure  about  the  procedure, 
repeat  it  using  the  data  for  another  seed  part.  It  is 
important  that  the  children  understand  this  tech¬ 
nique,  because  they  will  use  it  repeatedly  throughout 
this  activity. 

The  other  children  may  record  their  data  on  the 
graph  now,  but  we  have  found  that  there  is  less  confu¬ 
sion  if  they  first  construct  their  own  graphs  in  their 
student  manuals. 

Using  student  manual  page  7.  At  this  time  ask  your 
pupils  to  graph  the  seed-part  lengths  on  page  7  in  the 
student  manual.  Making  dots  with  crayons,  they 
should  graph  both  the  planting  day's  (Day  0)  and  to¬ 
day's  data.  Have  the  children  use  the  same  color  key  in 
their  student  manuals  that  appears  on  the  class  graph 
paper. 

You  may  notice  that  some  children  have  not  mea¬ 
sured  correctly  and  have  thus  recorded  improbable 
lengths  for  certain  seed  parts.  Other  children  will 
have  difficulty  graphing.  If  only  a  few  children  are 
having  difficulty,  help  them  individually;  but  if  many 
children  seem  confused,  ask  those  who  do  under¬ 
stand  to  help  others.  Or  stop  and  offer  review  experi¬ 
ences.  We  have  found  in  trial  classrooms  that  children 
who  understand  graphing  are  very  effective  instruc¬ 
tors  for  their  classmates. 


Transferring  the  data.  Encourage  everyone  to  record 
their  data  on  the  class  graph.  Each  time  your  pupils 
record  data  in  their  student  manuals,  they  should 
transfer  these  data  to  the  class  graph.  We  suggest  this 
be  done  informally,  since  each  child  will  have  several 
measurements  to  record.  Discourage  the  students 
from  overlapping  the  dots.  It  is  necessary  to  keep 
these  separate  in  order  to  average  the  data  later. 

Schedule  other  measuring  and  recording  sessions 
every  two  or  three  days  over  the  next  ten  to  twelve 
days  (see  "Schedule  of  Activities").  As  time  goes  on, 
children  will  become  quite  proficient  at  measuring 
and  recording. 

Averaging  data.  Mathematical  averaging  should  not 
be  used  in  this  activity  unless  you  wish  to  combine  it 
with  a  mathematics  lesson.  Below  we  have  described 
an  average-estimating  technique  to  use  for  the  data 
your  pupils  collect.  The  reason  for  using  an  estimating 
technique  is  to  expedite  the  averaging  process.  In  this 
activity  growth  trends  are  more  important  than  abso¬ 
lute  mathematical  accuracy  of  the  averages. 

During  the  second  or  third  measuring  and  record¬ 
ing  session,  you  should  demonstrate  and  describe 
this  averaging  technique  to  the  class. 

•  Place  a  strip  of  tissue  paper  vertically  over  the 
column  of  data  collected  for  whole  seeds  that  day 
and  hold  it  in  place  with  paper  clips. 

•  Use  a  green  crayon  to  mark  the  position  of  each 
underlying  green  dot  on  the  tissue. 

•  Then  remove  the  tissue  and  tape  it  horizontally  to 
the  chalkboard. 


Figure  4-5.  Using  the  estimating  technique  of  averaging. 

(a)  Finding  the  balance  point  of  the  Day  7  data. 
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•  Tell  the  children  to  pretend  that  the  marks  on  the 
tissue  represent  people  of  equal  weight  sitting  on 
a  seesaw,  or  teeter-totter. 

•  Then  ask  them  to  indicate  the  location  of  the  bal¬ 
ance  point.  (You  may  have  to  mark  the  limits  of 
the  dots  so  the  children  do  not  try  to  "balance" 
the  entire  length  of  the  paper.) 

•  With  the  crayon,  mark  an  X  to  represent  the  bal¬ 
ance  point  the  children  decide  on. 

•  Explain  that  the  balance  point  on  a  seesaw  is  like 
an  average  point  for  data  on  a  graph. 

•  As  you  say  this,  move  the  tissue  strip  to  a  vertical 
position  and  secure  it  to  the  graph  so  the  children 
can  see  where  the  average  point  is  located  on  the 
graph. 

•  Using  the  newly  marked  X  on  the  tissue  as  the 
average,  make  another  green  X  at  the  same  spot 
on  the  graph. 

•  Now  indicate  another  day's  data  that  have  been 
recorded  for  whole  seeds. 

•  Ask  the  children  to  try  to  determine  the  average 
(or  balance)  point  for  this  column  without  using 
the  tissue  paper  technique. 

•  Slowly  move  your  finger  down  the  column.  Ask 
the  children  to  raise  their  hands  when  your  finger 
points  to  the  average  point  for  the  green  dots. 

•  Continue  moving  your  finger  past  the  average 
point,  then  back  up,  to  make  certain  you  are  get¬ 
ting  everyone's  opinion.  When  you  reach  the 
point  where  most  hands  are  raised,  mark  that 
point  with  an  X. 

•  Do  not  worry  if  the  children  are  inaccurate  in 
their  averaging;  their  understanding  of  the 


method  will  improve,  and  a  little  inaccuracy  will 
not  affect  this  activity.  If  the  children's  average  is 
off  by  more  than  about  25  mm  (1  in)  repeat  the 
estimating. 

Repeat  this  procedure  for  the  other  seed  parts  and 
then  connect  the  green  average  points  with  a  green 
line,  the  red  average  points  with  a  red  line,  and  so  on. 
These  lines  are  visual  approximations  of  how  much 
each  seed  part  has  grown. 

Discussion.  Encourage  the  students  to  discuss  which 
seed  parts  seem  to  grow,  which  seem  to  grow  fastest, 
and  if  they  think  the  parts  not  growing  will  ever  grow. 

On  the  thirteenth  or  fifteenth  day,  plan  to  have  a 
longer  discussion  and  encourage  the  children  to  use 
the  data  on  the  graph  to  support  their  ideas.  To  help 
the  children  interpret  the  graph  and  draw  conclusions 
about  their  experiments,  ask  questions  such  as  the 
following: 

•  Which  seed  parts  grew? 

•  Which  seed  parts  did  not  grow? 

•  Which  combinations  of  parts  grew? 

•  What  are  some  of  the  reasons  for  the  embryo  and 
cotyledon  being  able  to  live  when  they  are  joined 
together? 

•  What  are  some  of  the  reasons  for  the  embryo  not 
growing  alone  or  the  cotyledon  not  growing 
alone? 

•  Which  grew  better — the  whole  seed  or  an  em¬ 
bryo  with  only  one  cotyledon? 

•  What  do  you  think  the  cotyledons  do  for  the 
plant? 

•  What  do  you  think  the  embryo  does? 


j)  Transferring  the  average  point  to  the  graph. 


(c)  Finding  the  average  point  for  another  day’s  data. 


(d)  Connecting  the  average 
points  to  show  a  trend. 
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•  How  well  might  the  plants  grow  if  the  cotyledons 
were  very  large?  Very  tiny? 

The  children  will  probably  understand  that  the  em¬ 
bryo  is  the  growing  part  of  the  seed  and  that  it  does 
not  grow  without  an  attached  cotyledon.  Some  of  the 
children  may  infer  that  the  cotyledons  are  food  for 
the  embryo.  If  they  do  not  understand  the  coty¬ 
ledon-embryo  relationship  now,  they  will  gain 
further  evidence  for  this  in  Chapters  5  and  6. 

Cleanup.  The  plants  may  be  used  for  further  experi¬ 
ments  by  the  children  or  discarded  after  the  last  day 
of  measuring,  recording,  and  discussion.  The  germi¬ 
nation  systems  should  be  washed,  dried,  and  stored 
for  future  use.  Keep  the  graph,  as  the  children  may 
need  to  refer  to  it  in  the  future. 

OPTIONAL  ACTIVITIES 

Plants  without  soil.  Children  who  thought  that  plants 
must  have  soil  to  grow  may  have  been  surprised  that 
plants  could  grow  on  the  germination  disks.  Let  them 
follow  up  on  that  phenomenon  by  trying  to  grow 
plants  in  sand,  sponge,  or  cotton.  They  may  wish  to 
see  if  seeds  in  soil  germinate  faster  than  seeds  on 
paper  germination  disks. 

Cotyledon  size.  Some  children  may  be  interested  in 
determining  what  effect  the  size  of  the  cotyledon  has 
on  the  resulting  plant.  Keeping  the  embryos  intact 
they  can  slice  soaked  bush  bean  seeds  to  obtain 
various-sized  pieces  of  cotyledon.  They  can  compare 
the  heights  of  the  plants,  size  of  the  leaves,  or  the 
rates  of  growth. 


GETTING  READY 

Have  the  children  prepare  and  store  the  planter 
systems  for  Chapter  6  five  to  seven  days  before 
you  are  ready  to  begin  that  chapter.  (See  pages 
26  and  27.) 


Light  to  Grow? 


Do  Plants  Need 


SYNOPSIS 

Students  keep  planted  grass  seeds  in  the  light 
and  in  the  dark  to  determine  if  plants  need 
light  for  growth. 

Children  use  the  evidence  from  their  experiment 
to  infer  that  light  is  essential  for  continuing 
growth. 

Suggested  time:  half  a  session  for  planting  and 
the  equivalent  of  one  session  during  the  next 
14-17  days. 

TEACHING  MATERIALS 
For  each  child: 

student  manual  pages  8  and  9 

For  each  team  of  two  children: 

crayons  (1  green,  1  yellow)  * 

Drawer  3 
1  label 
Drawer  4 

1  ninety-ml  plastic  cup 

1  ruler 

For  the  class: 

100-watt  light  bulb* 
soilt 

Drawer  2 

light  source 

2  trays 

6  water  sprinklers 

Drawer  3 

1  package  grass  seeds 
adhesive  dots  (4  green,  4  yellow) 

*  provided  by  the  teacher 
t  Sand  and  Soil  box 


BACKGROUND  INFORMATION 

Using  light,  plants  combine  water,  soil  minerals,  and 
carbon  dioxide  into  a  food  that  contains  energy  from 
the  sun.  This  process  of  making  food  is  called  photo¬ 
synthesis. 

Most  children  know  plants  need  light  to  grow,  but 
many  are  unaware  that  a  plant  will  begin  to  grow  from 
its  seed  while  in  the  dark.  Children  who  have  had  the 
SCIIS  Environments  unit  will  probably  know  plants 
can  begin  growing  in  darkness,  but  they  will  not  be 
aware  of  the  role  of  the  cotyledons.  As  long  as  plants 
have  food  stored  in  the  cotyledons,  they  do  not  re¬ 
quire  light  to  develop  and  grow. 

As  a  very  young  plant  growing  in  light  depletes  the 
food  stored  in  the  cotyledons,  it  begins  to  make  its 
own  food.  First  it  turns  green,  then  it  begins  to  photo- 
synthesize.  A  similar  seedling  kept  in  the  dark  will 
stop  growing  and  begin  to  die  after  it  has  used  up  all 
of  its  reserve  energy  in  the  cotyledons.  Without  light 
it  cannot  make  its  own  food. 

Some  children  think  plants  absorb  food  from  the 
soil  through  the  roots.  Roots  do  take  in  water  and 
minerals  from  the  soil,  but  these  substances  are  not 
food  for  the  plant,  because  they  contain  no  energy. 
For  that  reason  "plant  foods"  or  fertilizers  are  not 
food  either.  They  are  the  same  kinds  of  minerals  the 
plant's  roots  would  absorb  from  very  rich  soil. 

After  your  students  discover  that  identical  kinds  of 
plants  in  the  same  kind  of  soil  will  not  continue  to 
grow  in  darkness  but  do  grow  in  light,  they  should  be 
able  to  infer  that  soil  does  not  produce  food  for 
plants. 


ADVANCE  PREPARATION 

Set  up  centers  for  the  distribution  of  seeds,  soil,  water 
sprinklers,  labels,  rulers,  and  cups. 

Setting  up  the  light  source.  Take  out  the  three  heavy 
curved  wire  legs,  the  center  hub,  and  the  support  rod, 
arm,  and  lamp  unit.  Then  assemble  the  light  source, 
following  the  steps  in  Figure  5-1. 

Insert  the  plug  into  a  wall  outlet.  Turn  on  the  switch 
located  in  the  lamp  cord. 


TEACHING  SUGGESTIONS 

This  activity  provides  an  additional  exploratory  expe¬ 
rience  for  the  concept  of  photosynthesis,  which  is  in¬ 
vented  here. 

Asking  the  question.  Ask  the  children  if  they  think 
plants  need  light  to  begin  growing  and  allow  them  to 
express  their  own  ideas.  You  may  initiate  the  discus¬ 
sion  by  referring  to  comments  already  made  ("Some 
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Figure  5-1.  (a)  Firmly  push  the  legs  into  the  bottom  of  the  hub. 

Set  this  assembly  upright,  (b)  Unwind  the  cord, 
loosen  the  wing  nut,  and  push  the  rod  through  the 
union,  (c)  After  lowering  the  union  and  rotating  the 
arm  to  the  desired  position,  tighten  the  wing  nut. 
Keep  the  bottom  of  the  shade  parallel  to  the  table. 
Cap  the  rod  and  add  the  light  bulb. 


of  you  said  that  plants  can't  grow  without  light”).  If 
your  students  are  aware  that  plants  need  light  to  grow, 
ask  when  plants  need  it. 

Setting  up  the  experiment.  Each  team  should  fill  its 
cup  %  full  with  soil,  sprinkle  a  pinch  (about  fifty)  of 
grass  seeds  on  the  soil  surface,  cover  these  with  a  thin 
layer  of  soil,  and  then  moisten  the  soil  thoroughly 
with  a  water  sprinkler.  The  students  should  decide 
which  teams'  cups  will  be  put  in  the  light  and  which  in 
the  dark.  Ask  the  children  to  label  their  cups  with 
their  names,  the  date,  and  light  or  dark. 

When  all  the  seeds  have  been  planted  and  watered, 
each  team  should  put  its  cup  on  one  of  the  trays. 
Latfel  each  tray  with  a  question  to  remind  the  children 
of  what  they  are  trying  to  find  out:  "Do  plants  need 
light  to  grow?”  Label  one  tray  dark  and  the  other  light. 
A  closet  or  a  tightly  sealed  box  may  be  used  for  the 
dark  area.  Keep  the  other  tray  of  plants  near  the  light 
source  or  in  indirect  sunlight. 

Schedule  brief  observation  and  watering  sessions 
every  two  days  over  the  next  week  or  two.  Because 
the  warmth  from  the  light  will  evaporate  water  in  the 
soil,  plants  in  the  light  may  need  to  be  watered  more 
often  than  those  in  the  dark. 

NOTE:  After  each  observation  be  certain  that  the 
“dark”  plants  have  been  returned  to  the  proper 
location.  If  they  are  kept  in  the  light  longer  than  a 
half  hour  per  day,  they  may  turn  green  and  begin 
to  photosynthesize. 

Using  student  manual  page  8  (top).  Each  time  the 
grass  is  watered,  the  children  can  graph  its  height  on 
this  page.  Suggest  that  the  children  fill  in  the  color  key 
before  recording,  using  the  yellow  crayon  for  plants 
in  the  dark  and  the  green  for  plants  in  the  light.  They 
may  record  the  height  of  the  tallest  grass  plant  or  the 
average  height  of  all  the  plants,  but  everyone  should 
use  the  same  procedure. 

In  order  for  each  child  to  record  data  on  grass  grow¬ 
ing  under  both  conditions,  it  will  be  necessary  for 
the  teams  to  share  their  data.  They  could  exchange 
plants  for  measuring  or  copy  data  from  each  other's 
manuals. 

Soon  after  grass  begins  growing,  ask  the  students 
how  they  might  explain  why  the  plants  are  growing  so 
well  in  the  dark.  The  children  may  suggest  that  the 
grass  cotyledons  are  still  providing  food  for  the 
plants,  or  they  may  not  know  yet.  Don't  tell  them  the 
answer. 

Exchanging  plants  in  light  and  dark.  When  your  stu¬ 
dents  notice  that  the  plants  in  the  dark  are  yellow  and 
those  in  the  light  are  green,  gather  them  for  a  discus¬ 
sion.  Ask  them  which  plants  they  think  will  survive 
better  and  why;  allow  the  children  to  explain  their 
ideas. 
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Ask  the  children  what  they  could  do  to  make  the 
yellow  grass  turn  green.  Could  they  do  something  to 
turn  the  green  grass  yellow?  Encourage  the  class  to 
switch  half  of  the  cups,  keeping  the  others  in  the 
same  locations.  Put  yellow  dots  on  four  cups  growing 
in  the  dark  and  put  them  in  the  light.  Use  green  dots 
to  mark  four  cups  growing  in  the  lighted  area  and  put 
them  in  the  dark.  The  dots  will  help  the  children  re¬ 
member  the  original  color  of  the  grass  when  they  ob¬ 
serve  them  again  and  after  the  grass  changes  color. 

Using  student  manual  page  8  (bottom).  As  the  chil¬ 
dren  continue  watering  the  plants,  they  should  look 
for  changes  in  their  color  and  condition.  The  yellow 
plants  should  turn  green  within  a  week.  It  will  take 
longer  for  the  green  plants  to  turn  yellow  in. the  dark. 
(While  you  are  waiting,  prepare  and  store  the  planter 
systems  for  Chapter  6.)  Eventually  all  the  plants  in 
darkness  will  die.  Have  the  students  answer  the  ques¬ 
tions  on  this  page  before  proceeding  with  th°  inven¬ 
tion  of  photosynthesis. 

“Inventing”  photosynthesis.  Help  your  students  to 
interpret  their  evidence  and  realize  that  plants  do  not 
get  their  food  from  the  soil.  Use  a  line  of  questioning 
like  the  following: 

What  has  happened  to  the  four  grass  setups?  Your 
pupils  have  seen  that  the  grass  grown  in  or  moved  to 


the  dark  is  dying,  and  the  grass  that  was  grown  in  or 
moved  to  the  light  is  still  alive.  Ask  the  children  to 
describe  the  differences  between  the  plants  in  the 
light  and  the  plants  in  the  dark.  List  the  important 
differences  on  the  chalkboard. 

What  do  you  think  now  about  what  light  does  for 
plants?  Children  will  probably  say  that  plants  must 
have  light  to  be  green  and  healthy,  even  though  they 
have  seen  evidence  of  early  growth  in  darkness. 

Yes,  light  is  important  for  plants.  But  can  you  ex¬ 
plain  why  the  plants  grew  in  the  dark  for  a  while?  Be¬ 
cause  of  their  previous  activities  with  seeds,  the  chil¬ 
dren  should  realize  that  the  cotyledons  had  some¬ 
thing  to  do  with  growth  in  the  dark,  and  some  will 
know  that  the  cotyledons  provide  food.  Do  not  try  to 
force  a  deeper  understanding  at  this  point. 

Plants  need  food  for  growth,  just  as  animals  do. 
Where  does  their  food  come  from?  A  common  mis¬ 
conception  among  children  is  that  plants  get  their 
food  from  the  soil,  and  so  someone  may  suggest  that 
the  plants  first  used  the  cotyledons,  then  started  to 
take  food  from  the  soil. 

But  when  you  left  some  plants  in  the  dark,  they 
died;  and  when  you  moved  others  to  the  light,  they 
turned  green  and  grew.  Yet  the  soil  was  the  same  in 
every  cup.  Can  you  explain  that?  At  this  point  a  few 
children  may  infer  from  the  evidence  that  plants  begin 


Figure  5-2.  Using  grass  grown  in  light  and  in  dark  to  explain  why 
plants  probably  do  not  get  food  from  the  soil. 
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How  is  grass  grown  in  the  dark  different  from  grass  grown  in  the  light? 


Vhat  happened  when  you  moved  plants  from  the  dark  to  the  light? 


Vhat  happened  when  you  moved  plants  from  the  light  to  the  dark? 
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making  their  own  food  in  the  light,  but  do  not  be 
disappointed  if  no  one  reaches  that  conclusion. 
Photosynthesis  is  not  a  self-evident  concept,  and  this 
activity  has  not  ruled  out  the  possibility  that  soil  pro¬ 
vides  food,  and  that  light  provides  some  other  neces¬ 
sary  factor. 

Plants  can  grow  for  a  long  time  without  any  soil  if 
they  have  air  and  water.  When  sunlight  reaches  a 
plant,  the  plant  takes  in  some  of  the  sun's  energy.  The 
plant  uses  that  energy  with  air  and  water  for  making 
food.  There  is  a  special  word  for  this  food-making- 
photosynthesis.  Photo  means  light,  and  synthesis 
means  putting  together. 

Encourage  your  students  to  discuss  the  evidence 
and  the  photosynthesis  concept  in  their  own  words. 
In  one  of  our  trial  classrooms  a  boy  expressed  his 
thoughts  in  the  following  sequence: 

The  grass  in  the  dark  grew  for  a  while. 

The  grass  grew  because  there  was  food  in  the 
cotyledon  until  it  was  used  up. 

Then  the  plants  in  the  dark  began  to  die. 

But  they  had  the  same  soil  as  the  plants  in  the  light. 
Light  was  the  only  thing  that  was  different. 

So  the  soil  must  not  have  had  the  food.  'Cause  after 
the  food  in  the  cotyledon  was  gone,  the  grass 
in  the  dark  died. 

So  the  cotyledon  took  care  of  the  plant  [was  food 
for  it]  for  a  while;  then  the  plant  was  on  its  own 
and  needed  the  light  to  make  the  food. 

At  this  time  some  of  your  students  will  still  not  un¬ 
derstand  that  plants  need  light  to  make  food,  but  they 
will  gather  further  evidence  to  support  this  concept  in 
Chapter  6.  (In  Chapter  16  the  children's  recognition 
that  plants  are  producers  will  depend  on  how  well 
they  understand  the  photosynthesis  concept.) 

Student  manual  page  9.  Pupils'  answers  to  the  ques¬ 
tions  on  this  page  will  provide  feedback  on  their  un¬ 
derstanding  of  plant  growth  in  light  and  dark  and  the 
role  of  cotyledons.  Their  answers  can  serve  to  stimu¬ 
late  discussion. 


OPTIONAL  ACTIVITIES 

“Plant  food.”  Some  children  might  insist  that  the 
plants  kept  in  the  dark  didn't  have  enough  food — that 
if  “plant  food"  were  added  to  the  soil,  they  would  be 
healthier.  Permit  them  to  fertilize  these  plants  with 
any  fertilizer  or  “plant  food''  they  choose;  these  con¬ 
tain  essential  minerals  but  have  no  food  value. 

Plants  without  air.  When  the  plants  in  this  chapter  are 
placed  in  a  closet  or  box,  children  may  say  that  the 
variable  of  “bad"  air  or  not  enough  air  might  affect  the 
results.  Your  students  can  investigate  this  hypothesis 
by  growing  grass  in  capped  and  uncapped  vials  and 
comparing  the  growth  about  one  week  later. 


Bean  sprouts  are  very  young  plants.  They  are 
used  for  making  chow  mein  and  other  foods. 

Bean  sprouts  are  more  tender  when  they  are  not  green. 
How  would  you  grow  tender  bean  sprouts? 


Bean  sprouts  are  easier  to  clean  if  they  are  not  grown  in  soil. 
How  could  you  grow  them  without  soil? 


Where  would  they  get  the  food  they  need  for  growth? 


How  much  light?  Many  children  will  suggest  that 
plants  grow  better  in  “lots  of"  light  than  in  a  “little" 
light.  They  can  test  this  theory  by  putting  plants  at 
different  distances  from  a  light  source  or  from  the 
window.  Temperatures  in  all  locations  should  be  the 
same. 

Plants  in  artificial  light.  If  children  did  not  use  the 

light  source  for  their  experiment,  they  might  wish  to 
investigate  whether  plants  can  manufacture  food  in 
artificial  light.  They  can  shield  several  plants  from  sun¬ 
light  and  provide  light  only  from  the  light  source. 
They  should  set  other  plants  in  sunlight  and  compare 
the  results.  Several  variables  affect  this  experiment: 
(1)  the  different  amounts  of  light  provided  by  the  sun 
and  by  the  bulb,  and  (2)  the  amount  of  time  a  plant  is 
exposed  to  light.  Encourage  the  students  to  think  of 
other  variables  that  may  influence  their  results. 

Cleanup.  There  is  no  further  need  for  the  grass  after 
the  experiment  and  discussion  are  complete.  Place 
the  grass  and  soil  in  the  soil  bags  for  reuse.  Rinse,  dry, 
and  return  the  containers  to  the  kit. 
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EXTENDING  YOUR  EXPERIENCE  CARDS 

3.  Is  Soil  Needed  for  Plant  Growth?  Children  select¬ 
ing  this  card  will  need  to  use  tumblers  or  the  90-ml 
cups,  paper  towels,  and  some  grass  or  other  small 
seeds. 


4.  Does  “Plant  Food”  Feed  Plants?  The  student 
doing  this  activity  will  require  a  cup,  paper  towel, 
small  seeds  of  nearly  any  kind,  and  some  fertilizer  (to 
be  obtained  at  home  or  from  a  teacher  of  the  SCI  IS 
Environments  unit).  The  student  will  also  need  a  co¬ 
vered  box  or  closet  in  which  to  grow  the  plants.  The 
plants  will  grow  in  the  dark  for  a  while  because  they 
get  food  from  the  cotyledons.  But  even  with  the  addi¬ 
tion  of  “plant  food,"  the  plants  will  die  after  the  food 
in  the  cotyledons  is  used  up.  This  indicates  the  “plant 
food"  does  not  feed  the  plants  at  that  stage  but  that 
light  is  needed  to  make  plant  food. 


Plants? 
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CHAPTER  FIVE 

Does  “Plant  Food’’ 


Feed 


Place  some  small  seeds  on  a  wet  paper 
towel  in  a  cup. 

Add  some  fertilizer  and  place  the  cup  in  a  dark 
closet  or  box 

Every  few  days  make  sure  that  the  towel  is  wet 
Leave  the  plants  in  the  dark  for  fifteen  days. 
What  happens  to  them? 

Do  you  think  that  the  fertilizer  was  food 
for  the  plants? 

Show  your  teacher  and  the  class 
what  happens. 
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Cotyledons 


SYNOPSIS 

Children  plant  and  germinate  bean  seeds, 
observing  the  development  and  growth  of 
plants  with  and  without  cotyledons  attached. 

They  measure,  graph,  and  Interpret  their 
observations. 

Suggested  time:  This  activity  takes  about  twenty 
days.  Do  not  wait  to  complete  it  before 
beginning  Chapter  7. 


TEACHING  MATERIALS 

For  each  child: 

student  manual  pages  10-13 

For  each  team  of  two  children: 

crayons  (1  red,  1  green)  * 

Drawer  3 

8  bush  bean  seeds 
2  twistems 

Drawer  4 

2  planter  bases 
1  ruler 


Drawer  5 

2  planter  cups 
2  planter  sticks 

For  the  class: 

soilt 

paper  clips  * 

crayons  or  felt  pens  (1  red,  1  green)  * 
masking  tape  * 

Drawer  1 

Growth  in  the  Light  graph 
Growth  in  the  Dark  graph 
2  Day  Guides  B 

Drawer  2 

light  source 
6  water  sprinklers 


Drawer  3 

adhesive  dots  (200  red,  200  green) 

Drawer  4 

1  or  2  six-liter  containers 
ninety-ml  plastic  cups 

*  provided  by  the  teacher 
$  Sand  and  Soil  box 


ADVANCE  PREPARATION 

Set  up  centers  for  the  distribution  of  materials.  Pre¬ 
pare  a  planter  cup  for  any  child  who  is  absent  from 
class,  so  that  all  seeds  are  planted  on  the  same  day.  In 
addition  plant  five  or  six  extra  seeds  in  each  of  several 
plastic  cups;  use  the  extra  growing  plants  for  any  chil¬ 
dren  whose  plants  are  damaged. 

Fill  in  the  key  for  each  graph.  Use  a  red  adhesive  dot 
for  plants  without  cotyledons  and  a  green  dot  for 
plants  with  cotyledons. 

TEACHING  SUGGESTIONS 

This  activity  constitutes  the  discovery  part  of  the 
learning  cycle  for  the  photosynthesis  concept. 

Planting  bean  seeds.  Your  pupils  will  work  in  teams 
of  two  for  this  experiment.  One  student  can  prepare 
the  plants  to  be  grown  in  the  dark  and  the  other  can 
prepare  the  plants  for  the  lighted  area. 

Show  the  children  how  to  assemble  a  planter  sys¬ 
tem.  Position  a  plastic  cup  in  a  base  so  that  the  notch 
on  the  base  mates  with  the  one  on  the  cup.  This  as¬ 
sures  that  the  hole  in  the  lip  of  the  base  is  aligned  with 
the  hole  in  the  lip  of  the  cup.  Thus  a  planter  stick  can 
be  inserted  through  both  holes.  Insert  a  planter  stick 
through  the  hole  in  the  cup  rim  and  into  the  hole  in 
the  base  (Figure  6-1). 


Figure  6-1.  A  completed  planter  system  should  look  like  this. 
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Figure  6-2.  Pouring  excess  water  out  of  the  planter  base. 


Each  team  should  assemble  two  planter  systems  and 
add  enough  soil  to  fill  the  cups  %  full.  Have  each  child 
plant  four  seeds  V2  inch  deep  in  the  soil  of  one  cup. 
The  cups  are  to  be  labeled  with  the  team  members' 
names  and  the  date. 

The  soil  should  be  watered  until  it  is  quite  moist. 
Show  your  students  how  to  pour  excess  water  out  of 
the  base  by  tipping  the  entire  system  (Figure  6-2). 
Keep  the  soil  moist  but  not  flooded.  When  the  plants 
require  support,  they  can  be  loosely  tied  to  the  sup¬ 
port  sticks  with  twistems. 

Storing  the  plants.  Ask  your  students  where  they 
would  put  the  plants  to  make  them  grow  very  fast.  If 
the  children  base  their  decision  on  the  results  in 
Chapter  5,  they  will  probably  suggest  a  dark  area.  For 
the  purposes  of  this  experiment  store  all  the  plants  in 
a  dark  place  like  a  closet  for  about  five  to  seven  days, 
until  most  of  them  are  60-120mm  (2-5  in)  high. 

After  Chapter  5  has  been  completed,  initiate  a  dis¬ 
cussion.  Remind  the  children  of  the  results  of  their 
previous  experiments:  the  embryo  grows  when  a 
cotyledon  is  attached;  grass  grows  in  light  or  dark 
areas  but  dies  if  kept  in  the  dark  for  very  long. 

Hold  up  a  planter  for  all  the  students  to  see.  Then 
break  one  cotyledon  off  the  stem  of  one  plant  and 
ask,  "Will  this  plant  grow  now?"  Allow  the  students 


10 


Predict  what  you  think  will  happen  when  you  keep  - 
a  plant  with  cotyledons  in  the  light. 


a  plant  with  cotyledons  in  the  dark. 


a  plant  without  cotyledons  in  the  light. 


a  plant  without  cotyledons  in  the  dark. 


Explain  your  reasons. 


time  to  present  their  ideas.  The  discussion  may  center 
around  the  decrease  in  the  amount  of  food  available 
to  the  plant,  or  someone  may  say  that  the  plant  is 
injured  now  and  won't  grow  at  all.  Ask  the  children 
what  they  think  will  happen  if  both  cotyledons  are 
removed  and  the  plant  is  left  in  the  light.  Ask  the  same 
question  about  such  plants  left  in  the  dark. 

Using  student  manual  page  10.  Encourage  the  chil¬ 
dren  to  predict  what  will  happen  to  the  plants.  That 
will  cause  them  to  think  about  the  outcome  of  the 
experiment  and  to  understand  its  purpose. 

Removing  the  cotyledons.  After  the  children  have 
answered  the  questions,  they  can  test  their  ideas  by 
breaking  all  the  cotyledons  off  some  plants,  then  plac¬ 
ing  half  of  these  in  the  light  and  half  in  the  dark.  Each 
child  should  remove  both  cotyledons  from  one  plant 
and  place  a  red  dot  on  one  of  the  leaves.  He  or  she 
should  select  another  plant  of  about  the  same  size  but 
having  two  cotyledons  and  place  a  green  dot  on  one 
of  the  leaves.  (The  dots  will  adhere  better  if  the  leaves 
are  dry.)  Later  on  when  the  cotyledons  fall  off,  the 
children  can  distinguish  between  the  plants  by  means 
of  the  colored  dots.  Any  additional  plants  in  the  cup 
can  be  added  to  the  experiment,  used  for  some  other 
purpose,  or  discarded.  If  the  children  are  worried 
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Figure  6-3.  Removing  cotyledons  from  a  week-old  bean  plant. 


about  injuring  their  plants,  reassure  them  that  during 
the  activity  in  Chapter  8  each  child  will  plant  several 
more  beans. 

Measuring.  Student  manual  pages  11  and  12.  Each 
team  should  put  one  planter  cup  in  the  dark  and  one 
in  the  light  (sunlight  or  from  the  SCIIS  light  source). 
Label  one  cup  dark  and  the  other  light.  Keep  all  the 
plants  at  approximately  the  same  temperature.  The 
children  measure  the  heights  of  their  plants  (from  the 
soil  level  to  the  top  of  the  tallest  leaf)  and  record  their 
measurements  on  the  chart  on  page  11.  Make  mea¬ 
surements  every  two  days. 

Each  child  should  fill  in  the  color  key  on  page  12, 
using  a  green  crayon  for  plants  with  cotyledons  and  a 
red  crayon  for  plants  without  cotyledons.  As  they  rec¬ 
ord  their  measurements  on  page  11,  they  should 
transfer  these  data  to  page  12.  In  this  way  they  will 
gain  experience  in  handling  data  and  in  graphing,  and 
finally  they  will  have  a  visual  picture  of  the  growth  of 
their  plants. 

Constructing  the  class  graphs.  Tape  the  Growth  in 
the  Light  and  Growth  in  the  Dark  graphs  to  the 
chalkboard  or  wall.  Separating  them  by  several  feet 
will  make  recording  easier  for  the  children.  Place  a 
Day  Guide  on  each  graph;  the  first  entry  will  be  Day  0 
after  cotyledon  removal.  The  color  of  the  dots  in  each 
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Record  the  heights  of  your  team's  plants. 


PLANTS  IN  LIGHT 

PLANTS  IN  DARK 

DAY  AFTER  COTYLEDONS 

WERE  REMOVED 

WITH 

COTYLEDONS 

WITHOUT 

COTYLEDONS 

WITH 

COTYLEDONS 

WITHOUT 

COTYLEDONS 

What  do  you  think  cotyledons  do  for  plants? 
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GROWTH  IN  THE  LIGHT 


GROWTH  IN  THE  DARK 


DAY  AFTER  COTYLEDONS  WERE  REMOVED 


0  2  4  6  8  10  12  14 

DAY  AFTER  COTYLEDONS  WERE  REMOVEI 


KEY  O  w'th  cotyledons  O  Without  cotyledons 
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Figure  6-4.  Using  Day  Guide  B  for  transferring  data  to  the  graph. 


Figure  6-5.  Graphing  differences  in  plant  growth  after  cotyledon 
removal. 


key  corresponds  to  the  color  of  the  dots  on  the  plants. 
The  children  can  transfer  their  student  manual  data  to 
the  graphs. 

Averaging  the  data.  On  the  second  day  of  measuring 
and  recording,  the  children  should  average  each  day's 
data  for  plants  with  and  without  cotyledons,  using  the 
technique  introduced  in  Chapter  4.  Identify  the  sym¬ 
bol  (red  or  green  dot)  that  represents  the  data  you 
want  the  children  to  average.  Remind  them  to  put 
their  hands  up  when  your  finger  points  to  the  average 
and  to  put  their  hands  down  when  your  finger  passes 
that  point. 

After  all  the  data  have  been  averaged  on  each  of  the 
graphs,  draw  a  green  line  connecting  the  averages  for 
plants  with  cotyledons  and  a  red  line  connecting  the 
averages  for  plants  without  cotyledons  (Figure  6-5). 
Encourage  students  to  compare  the  growth  of  (1) 
plants  with  cotyledons,  in  the  dark  and  in  the  light; 
and  (2)  plants  without  cotyledons,  in  the  dark  and  in 
the  light. 

Beginning  on  the  third  measurement  day  ask  your 
students  to  predict  the  average  points  for  the  next 
session.  This  activity  may  help  them  to  understand 
that  people  can  make  better  predictions  with  a  graph 
than  by  using  a  table  of  numbers.  Watch  for  children 
who  try  to  make  their  data  match  the  average 
they  predicted. 


Within  a  week  after  the  cotyledons  have  been  re¬ 
moved,  some  of  the  plants  without  cotyledons  placed 
in  the  dark  will  begin  to  wilt.  When  this  happens,  ask 
the  children  if  a  plant  which  is  hanging  limp  should  be 
considered  dead  even  though  it  has  length.  If  they 
consider  it  dead,  it  should  be  graphed  as  0  mm. 

Using  student  manual  page  11.  Six  to  eight  days  after 
the  cotyledons  are  removed,  there  will  be  a  distinct 
difference  between  the  plants  with  and  without 
cotyledons  growing  in  the  dark.  There  will  be  little 
difference  between  the  plants  with  and  without 
cotyledons  grown  in  the  light.  At  this  time  the  chil¬ 
dren  should  answer  the  question  on  page  11.  They 
will  probably  have  to  refer  to  the  class  graphs  Growth 
in  the  Light  and  Growth  in  the  Dark. 

Discussion.  When  the  children  notice  that  the 
cotyledons  begin  to  shrink  and  drop  off  the  plants 
(two  or  three  weeks  after  seeds  have  been  planted) 
hold  a  discussion.  Display  a  plant  with  shriveled 
cotyledons  and  ask  the  class  to  compare  these  with 
the  cotyledons'  previous  appearance.  Then  ask  what 
happened  to  the  plants  as  the  cotyledons  shriveled. 
Your  students  will  probably  say  the  plants  got  "big¬ 
ger"  and  offer  hypotheses  for  what  cotyledons  do. 
Don't  complete  the  discussion;  the  children  will  have 
more  evidence  for  their  hypotheses  at  the  end  of  this 
chapter. 
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Measurements  and  recordings  should  continue 
until  the  plants  in  the  dark  begin  to  die.  Your  students 
should  see  that  the  graph  line  for  the  plants  in  the 
dark  levels  off  or  drops  down  (approximately  ten  days 
after  cotyledon  removal). 

Final  discussion.  On  the  last  recording  day  place  the 
two  graphs  side  by  side  and  hold  a  class  discussion. 
Direct  the  discussion  toward  the  concept  that  cotyle¬ 
dons  are  the  food  source  for  young  plants.  Using  the 
data  from  the  graphs  help  the  children  understand 
that  when  the  cotyledons  fall  off  a  plant  grown  in  the 
light,  the  plant  still  survives  because  it  makes  its  own 
food.  But  plants  grown  in  the  dark  are  unable  to 
photosynthesize  and  thus  die  after  the  food  in  the 
cotyledon  is  exhausted.  Some  of  the  following  ques¬ 
tions  may  help  you  to  guide  the  discussion: 

•  Which  plants  grew  best? 

•  Which  plants  did  not  grow  well? 

•  Which  grew  better — plants  with  cotyledons  or 
plants  without  cotyledons?  (Have  the  children 
consider  only  one  graph  at  a  time.) 

•  How  well  did  the  plants  without  cotyledons  grow 
in  the  dark? 

•  How  well  did  plants  without  cotyledons  grow  in 
the  light? 

•  What  do  you  think  the  cotyledons  do  for  a  young 
plant? 

•  When  do  plants  need  light  to  grow? 

Student  manual  page  13.  You  may  wish  to  use  the 

brain-teaser  on  this  page  to  gather  feedback  about  the 
children's  understanding  of  plant  growth,  cotyledons, 
and  photosynthesis. 

Planning  ahead.  Have  you  ordered  your  organisms 
for  Part  Two?  If  not,  see  the  "Getting  Ready"  notice  on 
page  4. 

OPTIONAL  ACTIVITIES 

Dandelions.  Dandelions  may  be  used  for  testing 
whether  plants  store  food  anywhere  other  than  the 
cotyledon.  The  plants  should  be  dug  up  with  a 
minimum  of  damage  to  their  roots,  kept  moist,  and 
brought  to  the  classroom  while  very  fresh.  Let  your 
students  cut  off  the  stem  and  leaves  and  place  the 
roots  in  vials  containing  water.  Because  the  roots 
need  air,  they  should  not  be  completely  immersed. 
Rather  than  tell  the  children  that  food  is  stored  in  the 
dandelion  roots,  help  them  to  deduce  this  from  their 
previous  experiences  and  the  data  they  compile  from 
this  investigation. 

Coleus  or  geranium.  By  putting  cuttings  of  coleus  or 
geranium  stems  in  water,  children  can  determine 
whether  food  is  stored  in  the  stems.  If  the  planted 
stems  are  kept  in  the  light,  there  will  be  no  evidence 


Chapter  4 


Some  large  and  some  small  seeds  were  caught  in  an  animal  s  fur. 

The  animal  went  into  a  dark,  abandoned  mine.  Then  the  seeds  fell  out. 
Plants  began  to  grow  in  the  moist  mine. 


Do  you  think  the  plants  will  survive? _ _  Why? _ 


of  food  storage,  because  photosynthesis  could  occur. 
However,  if  a  stem  grows  while  it  is  in  the  dark,  the 
children  can  infer  that  it  contains  stored  food. 

After  the  children  see  that  it  will  grow  in  both  en¬ 
vironmental  conditions,  ask  if  they  have  any  evidence 
that  a  plant  stores  food  in  its  stem. 

Cleanup.  The  plants  may  be  discarded.  The  soil 
should  be  placed  in  one  or  two  6-liter  containers, 
which  will  be  used  as  terrariums  in  the  next  chapter. 
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EXTENDING  YOUR  EXPERIENCE  CARDS 

5.  Where  Are  the  Cotyledons?  Children  selecting 
this  card  will  need  several  cups  (planters  or  smaller)  in 
which  to  plant  a  variety  of  seeds.  The  student  can 
easily  collect  a  variety  of  seeds  from  other  SCI  IS  life 
science  kits  taught  at  other  grade  levels  in  your 
school.  Many  kinds  of  plants,  including  peas,  do  not 
carry  their  cotyledons  on  the  stem  but  keep  them 
under  the  soil  at  the  junction  of  the  root  and  the  stem. 


6.  Pieces  of  Cotyledons.  The  student  will  need  about 
twenty  bean  seeds,  one  or  two  planter  cups,  and  a 
pair  of  scissors  or  a  single-edge  razor  blade  to  cut  the 
cotyledon.  If  the  cotyledon  piece  is  large  enough  to 
feed  the  plant  until  it  grows  above  the  surface  of  the 
soil  into  the  light,  the  plant  will  probably  survive  to 
become  a  normal  bean  plant. 
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Pieces  of  Cotyledons 


Soak  about  twenty  bean  seeds  overnight. 

Open  each  of  them  carefully,  so  that  the  embryo 
is  all  in  one  piece. 

Cut  or  break  off  pieces  of  each  cotyledon. 

You  need  a  range  of  cotyledon  pieces  from 
tiny  to  complete.  Each  piece  should  be 
attached  to  an  embryo. 


Plant  these  in  one  or  two  planter  cups  of  soil. 

Label  the  cup  rim  so  you  will  know  the  location 
of  each  size  of  cotyledon  and  its  embryo. 

Which  ones  develop  and  grow? 

Show  the  class  and  your  teacher  what  you  discover 
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SCBS 


A  Habitat  for  Plants  and  Animals 

ADVANCE  PREPARATION 


SYNOPSIS 


Divide  the  soil  into  four  containers  if  possible.  This 
will  ease  the  lineup  of  children  getting  soil  for  their 
terrariums. 


Children  prepare  a  terrarium  to  support 

salamanders,  crickets,  isopods,  and  a  variety 
of  plants. 

Suggested  time:  one  session 

TEACHING  MATERIALS 
For  each  child: 

student  manual  page  14 

For  each  team  of  four  children: 

soilt 

Drawer  4 

1  container  lid 

Drawer  5 

1  six-liter  container 

For  the  class: 

Drawer  2 

light  source 
6  water  sprinklers 

Drawer  3 

seeds  (160  grass,  160  mustard,' 160 
radish,  160  wheat) 

Drawer  4 

6  tumblers 

$  Sand  and  Soil  box 


TEACHING  SUGGESTIONS 

The  preparation  of  a  habitat  is  an  exploratory  activity. 

Planning  the  habitat.  Preview  some  of  the  future  ac¬ 
tivities  for  the  children  by  telling  them  you  have  or¬ 
dered  some  crickets,  isopods,  and  salamanders  for 
them.  Explain  that  these  animals  will  need  a  place  to 
live  (habitat)  and  that  each  team  of  four  students  will 
have  one  terrarium  for  themselves. 

Using  Figure  7-1  as  a  guide  draw  a  large  sketch  (side 
view)  of  an  empty  terrarium  on  the  chalkboard.  Add  a 
chalk  line  to  represent  the  soil.  The  moss  will  arrive 
with  the  salamanders,  but  the  students  should  leave  a 
place  for  it. 

Invite  the  students  to  prepare  their  terrariums  and 
to  plant  no  more  than  about  twenty  of  each  kind  of 
seed.  (If  the  terrariums  become  cluttered  with  plants, 
the  children  can't  see  the  animals  easily.)  Divide  the 
class  into  teams  of  four  and  let  them  prepare  their 
terrariums. 

Visit  the  teams  while  they  are  working  and  let  them  l 
modify  the  general  layout  if  they  want  to.  Discourage 
children  from  using  too  much  soil,  because  the  plants 
will  need  space  to  grow  in  between  the  soil  and  the 
terrarium  lid. 

When  the  terrariums  have  been  set  up,  planted, 
and  watered,  have  the  students  write  their  names 

Figure  7-1.  A  sketch  of  the  Communities  terrarium. 
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Figure  7-2.  Labeling  a  terrarium. 


in  pencil  on  the  frosted  end,  just  under  the  handle 
(Figure  7-2). 

Using  student  manual  page  14.  Have  the  students 
make  a  pictorial  or  written  record  of  what  their  ter¬ 
rariums  are  like  now.  As  they  add  more  organisms  and 
see  changes  in  the  terrariums  in  later  chapters,  they 
can  also  record  their  observations  on  these  pages. 

Reviewing  the  habitat  and  populations  concepts.  Be¬ 
fore  the  terrariums  are  set  near  the  light  source,  re¬ 
view  habitat — a  concept  introduced  in  the  SCI  IS  unit 
Organisms.  A  habitat  is  a  place  where  an  organism 
(plant  or  animal)  lives.  The  terrariums  the  youngsters 
constructed  are  habitats  for  the  plants  now  and  will  be 
habitats  for  the  animals  after  they  arrive. 

Ask  the  children  if  they  remember  the  term  popula¬ 
tion.  (A  population  is  a  group  of  organisms  of  the 
same  kind  living  in  an  area.)  See  if  the  students  can 
name  several  populations  in  their  terrariums  or  in  the 
classroom.  There  is  a  population  of  grass  in  one  ter¬ 
rarium  if  you  are  using  the  container  as  the  border. 
However,  if  you  are  thinking  of  the  entire  classroom 
area,  then  all  the  grass  in  all  the  terrariums  may  be 
thought  of  as  one  population  of  grass. 

Storing  the  terrariums.  Tell  the  students  they  may 
place  their  terrariums  near  the  light  source,  the  win- 
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Make  a  record  of  your  team's  terrarium. 

Draw  or  write  down  the  changes  you  observe. 
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dow,  or  any  other  place  where  they  think  the  plants 
will  develop  and  grow  well. 

This  placement  will  provide  a  variable  that  may  re¬ 
sult  in  interesting  differences  in  plant  growth  later. 


EXTENDING  YOUR  EXPERIENCE  CARDS 

7.  Which  Plant  Comes  Up  First?  The  child  selecting 
this  card  will  need  a  planter  cup  and  base,  some  soil, 
and  seeds  like  those  planted  in  the  terrariums. 


OPTIONAL  ACTIVITIES 

A  larger  terrarium.  Make  a  large  classroom  terrarium 
out  of  boxes  cut  to  a  shallow  depth  and  lined  with  foil 
or  plastic.  Add  soil,  rock,  plants,  and  a  few  small  ani¬ 
mals  such  as  earwigs,  a  small  salamander,  isopods, 
centipedes,  millipedes,  and  even  a  small  toad  or  frog. 
Cover  tightly  with  clear  plastic  wrap  or  a  plastic  sheet. 
Such  terrariums  can  be  L-shaped  to  fit  on  counter  tops 
in  corners  or  constructed  on  two  different  levels.  The 
animals  in  such  terrariums  usually  sort  themselves 
into  different  areas  according  to  the  environments 
they  need. 

Planting  depth.  Children  in  your  class  may  disagree 
about  how  deep  seeds  should  be  planted.  Some  will 
bury  their  seeds  under  several  inches  of  soil,  others 
may  barely  cover  them.  Interested  children  can  plant 
seeds  at  different  depths  in  the  soil,  either  near  the 
edges  of  the  terrarium  or  in  plastic  cups,  where  they 
can  observe  the  differences  in  germination.  They  can 
use  student  manual  pages  14  and  15  to  map  the  depths 
at  which  they  plant  the  seeds. 

Seed  emergence.  Children  are  often  curious  about 
what  kinds  of  seeds  will  emerge  first.  Some  think 
large  seeds  grow  faster  than  small  seeds.  They  can  use 
seeds  of  different  sizes,  colors,  and  shapes  for  this 
experiment.  They  should  keep  a  record  of  the  date 
when  the  seeds  are  planted  and  the  date  on  which 
each  seed  emerges.  Student  manual  pages  14  and  15 
can  be  used  for  this  purpose  also. 

Germination  success.  Children  frequently  believe 
that  all  seeds  planted  will  germinate.  The  students  can 
determine  the  percent  of  germination  by  planting  at 
least  twenty  seeds  of  each  kind  to  get  enough  data. 
Divide  the  number  of  plants  emerging  from  the 
ground  by  the  number  of  seeds  planted  and  multiply 
by  100  to  find  the  percent  germinated. 
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CHAPTER  SEVEN 

Which  Plant  Comes  Up  First? 


Using  a  planter  half-filled  with  soil, 
plant  three  seeds  of  each  kind  used 
in  your  terrarium. 

Plant  all  the  seeds  at  exactly  the  same  depth 
Water  the  soil. 

How  many  different  populations  do  you 
have  in  that  cup? 


Which  kind  of  seed  grows  out  of  the  soil  first? 
Show  the  class. 


Communities 


8.  Tiny  Terrariums.  The  child  using  this  card  will 
need  a  small  empty  container,  soil,  and  a  few  seeds. 
The  strangest  container  shapes  make  the  most  inter¬ 
esting  terrariums.  Many  children  will  overwater  be¬ 
cause  they  don't  realize  the  water  in  a  closed  con¬ 
tainer  can't  escape. 


Find  a  small  clear  container.  It  should 
be  about  the  size  of  a  planter  cup  AT 
container  with  a  lid  is  best,  but  not  I 
necessary.  Add  some  soil.  Shape  the! 
soil  any  way  you  like.  Plant  only  a  i 
few  seeds  or  one  or  two  small  plants! 
in  it.  When  the  plants  are  above 
ground  find  one  or  two  very  small 
animals.  You  might  use  animals  such? 
as  earwigs,  isopods,  or  earthworms.  ,j 
Add  your  small  animals  to  the  | 
terrarium.  Cover  it  with  its  lid  or  with  { 
plastic  wrap.  Don't  add  water  unless  I 
the  soil  looks  very  dry. 


How  well  does  everything  live 
and  grow? 

Show  your  teacher  or  the  class. 


These  make  good  gifts. 


Communities 


ADVANCE  PREPARATION 


Beans  Forever 


SYNOPSIS 

Children  plant  bean  seeds  and  maintain  the 
plants  until  more  seeds  are  produced  than 
were  planted. 

Children  dissect  and  observe  the  new  seeds. 

Suggested  time:  one-half  class  session  for  setup, 
with  seven  weeks  of  maintenance  before  the 
new  pods  and  seeds  are  investigated 


TEACHING  MATERIALS 
For  each  child: 

student  manual  page  15 

Drawer  3 

2  bush  bean  seeds 

Drawer  4 

1  planter  base 

Drawer  5 

1  planter  cup 
1  planter  stick 

For  the  class: 

paper  towels  * 
soili 

Drawer  2 

6  water  sprinklers 
4  trays 

Drawer  3 

twistems 

*  provided  by  the  teacher 
$  Sand  and  Soil  box 


Set  up  distribution  stations  for  the  soil,  planters,  and 
bean  seeds.  Plant  several  extra  cups  for  absent  chil¬ 
dren  and  for  a  reserve  supply  of  plants. 

TEACHING  SUGGESTIONS 

This  activity  is  the  discovery  phase  of  the  learning 
cycle  for  the  concept  of  photosynthesis.  It  is  also  an 
exploratory  activity  for  the  concept  of  reproduction, 
to  be  invented  in  Chapter  15. 

Planting  the  seeds.  Suggest  that  the  students  grow 
bean  plants  to  maturity.  This  will  provide  them  with  an 
opportunity  to  see  how  seeds  grow  and  develop.  The 
children  should  fill  the  planter  cups  %  full  with  soil, 
plant  two  bean  seeds  about  1  cm  deep  in  each  cup, 
and  label  the  cups  with  their  names  and  the  date. 

The  soil  should  be  well  watered  after  the  seeds  are 
planted.  Then  the  planters  may  be  placed  on  trays  in 
an  area  receiving  natural  light.  Avoid  windy  areas  and 
places  where  the  temperature  exceeds  37°C  (98°F).  As 
the  plants  grow,  encourage  the  children  to  use  twist¬ 
ems  to  loosely  secure  the  plant  stems  to  support 
sticks.  Keep  the  soil  moist. 

Using  student  manual  page  15.  The  children  can 
maintain  simple  records  of  the  growth  of  their  bean 


Chaple.  8  15 

Date  you  planted  the  beans _ 

Record  what  happens  to  your  bean  plants - 
during  the  first  two  weeks  of  growth, 


during  the  third  and  fourth  weeks  of  growth, 


during  the  fifth  and  sixth  weeks  of  growth, 


during  the  seventh  and  eighth  weeks  of  growth. 
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Figure  8-1.  Two-week-old  bean  plants. 


plants  on  this  page.  As  the  plants  mature,  such  infor¬ 
mation  as  height,  number  of  leaves,  color,  stem 
strength,  and  rate  of  water  use  can  be  added.  Pre¬ 
served  flowers  or  pods  might  also  be  taped  to  these 
pages. 

Discussions.  Hold  informal  discussions  with  the  chil¬ 
dren  when  they  have  questions  or  when  they  want  to 
report  their  observations.  During  the  first  and  second 
weeks  you  might  ask  questions  such  as: 

•  Where  are  the  cotyledons? 

•  What  happens  to  the  cotyledons  as  the  plants 
grow  taller? 

•  Why  doesn't  the  plant  need  the  cotyledons  any 
more? 

•  How  does  the  plant  get  its  food  now? 

•  When  do  most  of  the  leaves  appear? 

During  the  third  and  fourth  weeks: 

•  What  new  changes  have  occurred? 

•  What  is  the  average  number  of  leaves  on  a  plant? 

•  Do  old  leaves  fall  off  or  keep  growing? 

•  Do  you  think  the  plants  will  live  forever?  Explain. 
During  the  fifth  to  seventh  weeks: 

•  What  changes  have  you  observed  during  this 
period? 

•  Which  appeared  first — the  flowers  or  the  bean 
pods? 

•  From  what  part  of  the  plant  did  the  bean  pods 
grow? 


Figure  8-2.  Three-  to  four-week-old  bean  plants. 


Chapter  8 


Make  a  point  of  discussing  the  growth  of  the  plant 
and  the  development  of  new  parts,  such  as  flowers 
and  bean  pods.  The  process  of  photosynthesis  pro¬ 
vides  food  for  both  growth  and  development.  Each 
bean  plant  has  now  produced  more  seeds  than  were 
required  to  produce  the  plant,  which  is  quite  marvel¬ 
ous  when  you  think  about  it.  See  if  you  can  elicit  a 
discussion  among  the  children  about  how  one  seed 
makes  one  plant  that  produces  enough  seeds  either 
to  make  many  plants  or  to  make  one  more  plant  and 
food  for  animals  that  eat  the  beans. 

Reviewing  life  cycle.  Before  you  proceed  with  the 
dissection  of  the  bean  pods,  tell  the  children  that  they 
have  been  observing  a  bean  going  through  its  life  cy¬ 
cle.  Remind  them  that  the  sequence  of  changes  as  an 
organism  develops  from  a  seed  to  a  plant  that  pro¬ 
duces  more  seeds  is  called  a  life  cycle. 

Dissecting  bean  pods.  When  the  bean  pods  reach  a 
length  of  40-60  mm,  have  the  children  dissect  them. 
The  students  should  work  in  teams  of  two.  You  will 
have  to  decide  how  many  pods  can  be  examined;  on 
each  plant  at  least  one  pod  should  be  left  to  mature. 
Use  sixteen  pods  for  a  class  of  thirty-two  children  if 
there  are  enough. 


The  members  of  each  team  should  remove  a  large 
pod  from  one  plant,  open  it,  and  observe  the 
contents.  The  children  can  count  the  number  of  seeds 
inside  a  pod  and  record  their  observations  in  the 
space  for  the  appropriate  week  on  student  manual 
page  15. 

Some  children  may  eat  bean  seeds  or  pods  during 
the  investigation.  You  might  capitalize  on  this  to  help 
the  children  realize  that  parts  of  this  particular  plant 
are  food  for  humans. 

Discussion.  The  food  that  a  plant  produces  for  the 
next  generation  is  stored  in  the  cotyledons  of  the  new 
seeds.  To  help  your  students  understand  this  fact,  ask 
them  where  the  food  that  is  stored  in  the  cotyledons 
comes  from.  Review  the  sequence  of  events  that  led 
to  the  production  of  new  seeds:  (1)  a  seed  containing 
cotyledons  and  an  embryo  was  planted;  (2)  the  em¬ 
bryo  grew,  using  the  food  in  the  cotyledons,  which 
shriveled  up  and  fell  off;  (3)  plants  produced  their 
own  food  by  photosynthesis;  (4)  flowers  appeared;  (5) 
bean  pods  developed.  The  students'  records  on  stu¬ 
dent  manual  pages  14  and  15  may  be  useful  during  this 
discussion. 

Ask  the  children  what  they  think  will  happen  to  the 
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Figure  8-4.  Planting  seeds  removed  from  a  bean  pod. 


seeds  eventually.  They  will  probably  answer  “grow 
more  plants."  Ask  them  if  all  the  seeds  will  become 
new  plants.  Encourage  comments  about  humans  and 
other  animals  using  the  seeds  for  food. 

Planting  bean  seeds.  Pupils  may  want  to  plant  some 
seeds  from  the  dissected  pods.  Suggest  that  they  wait 
until  the  seeds  dry  before  planting  them.  If  they  want 
to  save  the  seeds  and  pods,  place  these  in  the  ter¬ 
rariums  and  see  if  the  animals  use  the  plant  parts  for 
food. 

OPTIONAL  ACTIVITIES 

Bean  pods.  Some  children  may  think  that  they  will 
damage  the  plant  by  removing  the  bean  pods.  Have 
them  remove  the  bean  pods  from  one  bean  plant  and 
compare  it  later  with  a  plant  on  which  the  pods  were 
left. 

It  has  been  our  experience  that  some  children  want 
to  protect  their  bean  pods  to  see  how  large  they  will 


get.  You  may  wish  to  suggest  that  these  children 
measure  the  length  of  the  pods,  count  the  number  of 
beans  in  the  pods,  or  look  for  enlargement  of  the 
pods. 

Removing  leaves.  Children  may  be  curious  about 
whether  a  plant  will  continue  growing  if  many  leaves 
are  removed.  Suggest  that  these  children  investigate 
the  results  of  removing  half  the  leaves  on  a  plant. 

Reproduction.  Students  may  be  curious  about  how 
frequently  one  bean  plant  reproduces  or  even  if  it 
reproduces  more  than  once.  Encourage  them  to  con¬ 
tinue  watering  and  observing  the  plant. 

Cleanup.  After  the  bean  pods  have  matured  and  some  ] 
seeds  have  been  planted,  you  will  have  no  further  use 
for  the  plants.  Your  students  may  conduct  additional 
experiments  or  take  the  plants  home.  Small  milk  car¬ 
tons  or  plastic  lunch  bags  are  convenient  for  trans¬ 
porting  plants.  The  planters  should  be  cleaned  for 
future  use  and  the  soil  stored  or  discarded. 
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EXTENDING  YOUR  EXPERIENCE  CARDS 

9.  How  Many  Seeds  from  a  Bean  Plant?  Children 
selecting  this  card  will  need  a  piece  of  graph  paper. 
They  should  also  be  allowed  to  ask  the  other  students 
how  many  seeds  their  bean  plant  produced.  Encour¬ 
age  the  child  to  watch  for  any  pattern  that  might 
emerge  from  the  histogram  and  from  what  the  other 
students  said. 


CHAPTER  EIGHT 

How  Many  Seeds  from  a  Bean  Plant? 


each  of  your  classmates  how  many  bean  seeds  his  or  her  plant  produced 
?  a  histogram  showing  how  many  seeds  came  from  each  plant 


-\ 


v  your  teachers  and  the  class  what  the  classroom  population 
an  plants  produced. 


your  histogram  on  the  bulletin  board. 


lommunihes 


J 


10.  How  Small  a  Seed  Will  Develop  and  Grow?  Stu¬ 


dents  selecting  this  card  will  need  to  use  several  extra 
planters  or  a  ziplock  bag  in  which  bean  seeds  can  be 
planted. 


CHAPTER  EIGHT 

How  Small  a  Seed  Will  Develop  and  Grow? 


;ct  large  and  small 
i  seeds 

t  them  in  a  row 
t  the  little  seeds 
ie  left  and  the  big  ones 
ie  right. 

:h  ones  develop  and  grow? 

j  a  bean  seed  have  to  be 
tain  size  before  it  will 
lop  o  a  plant? 

'he  class  what  you  find  out 


ooMTHjnifies 


11.  Eating  Beans.  The  student  selecting  this  card  will 
need  to  collect  some  of  the  new  bean  seeds  or  some 
from  the  kit  supply.  Do  not  allow  this  child  to  boil  and 
eat  any  seeds  which  are  not  from  a  grocery  store, 
from  the  Rand  McNally  SCI  IS  Kit,  or  from  the  bean 
plants.  Seeds  from  seed  stores  are  often  coated  with  a 
fungicide  that  makes  them  unsafe  to  eat. 


seas 


Extending  Your  Experience  cards  1-11  are  now  available 
for  the  children’s  use.  For  materials  needed,  refer  to  the 
equipment  list  accompanying  the  set  of  cards. 

CONCEPT  /  PROCESS  EVALUATION 

If  you  choose  to  evaluate  the  children's  understand¬ 
ing  of  the  function  of  cotyledons  and  of  photosyn¬ 
thesis,  turn  to  page  98  of  the  evaluation  section  at  the 
back  of  the  guide. 
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OBJECTIVES 

To  experimentally  determine  what  and  how  much  food  is  eaten  by  an  animal. 
To  describe  food  chains  in  a  classroom  terrarium. 

To  trace  food  from  plants  to  plant-eaters  and  to  animal-eaters. 


BACKGROUND  INFORMATION 

A  food  chain  could  begin  with  a  population  of  wheat 
that  is  producing  food  by  photosynthesis  and  storing 
some  for  its  later  use.  This  food  is  eaten  by  a  mouse 
population.  But  that  is  not  the  end  of  the  story.  A 
mouse  may  be  eaten  by  a  snake.  The  food  made  by 
the  plant  that  has  been  incorporated  in  the  body  of 
the  mouse  becomes  food  for  the  snake.  Thus  the 
snake  lives  on  the  food  made  by  plants  even  though  it 
eats  animals  exclusively. 

Wheat,  like  other  plants,  is  a  producer.  Both  the 
mouse  and  the  snake  are  consumers.  Consumers  are 
divided  into  two  categories:  plant-eaters  and  animal- 
eaters.  Classifying  consumers  can  be  difficult  in  some 
cases.  Cows  and  lions  are  easily  classified,  but  a 
human  is  both  an  animal-eater  and  a  plant-eater. 

The  plants  and  animals  in  any  one  area  can  be  dia¬ 
gramed  in  ascending  order  from  producers  to  highest 
consumers.  Such  a  diagram  takes  the  shape  of  a 
pyramid:  at  the  food  pyramid's  base  are  the  plants, 
the  largest  layer  in  number.  That  layer  is  the  largest 
because  in  any  community  there  must  be  many  more 
plants  than  plant-eaters  for  the  plant-eaters  to  survive. 
A  plant-eater  does  not  eat  plants  just  once,  but  con¬ 
tinues  eating  plants  throughout  its  lifetime.  Also,  of 
course,  some  plants  must  be  growing  and  reproduc¬ 
ing  while  others  are  serving  as  food  for  animals. 

The  next  higher  layer  of  the  pyramid  comprises  the 
plant-eaters,  fewer  in  number  than  the  plants.  Above 
the  plant-eaters  are  the  animal-eaters,  even  smaller  in 
number.  Each  group  that  is  eaten  must  be  larger  than 
the  group  of  eaters  above  it  in  the  pyramid.  If  this 
were  not  so,  neither  population  could  survive  for 
long. 

OVERVIEW 

In  Chapter  9,  “Plant-Eaters,"  the  children  add  crickets 
to  the  terrariums  and  observe  what  food  these  or¬ 
ganisms  eat.  Chapter  10,  “How  Much  Food  Do  Cric¬ 
kets  Eat?"  is  designed  to  show  that  an  individual  ani¬ 


mal  eats  many  seeds  or  plants.  In  Chapter  11, 
“Animal-Eaters,"  a  salamander  is  added  to  each  ter¬ 
rarium.  The  salamander  consumes  the  crickets;  thus 
the  children  discover  that  some  animals  eat  only  other 
animals.  The  students  then  investigate  how  many 
crickets  each  salamander  eats  and  infer  that  the  sala¬ 
mander  indirectly  depends  upon  plants  for  its  source 
of  food.  In  Chapter  12,  “More  Plant-Eaters,"  isopods 
and  mealworms  are  added  to  the  terrariums.  When 
the  salamander  eats  both  the  isopods  and  meal¬ 
worms,  it  becomes  obvious  that  animal-eaters  have 
more  than  one  kind  of  food.  The  children  play  a  card 
game  to  reinforce  the  food  relationships  they  have 
discovered. 


GETTING  READY 

Save  any  dead  organisms  for  use  in  Chapter  13. 
Place  them  in  a  tumbler  and  allow  them  to  dry. 


BACKGROUND  INFORMATION 


Plant-Eaters 


SYNOPSIS 

Children  add  crickets  to  the  terrariums  and  plan 
experiments  to  find  out  what  they  eat. 
Children  use  experimental  data  to  determine  what 
foods  crickets  eat. 


Handling  crickets.  Crickets  are  soft-bodied  and  will 
be  crushed  if  they  are  handled  roughly.  The  best 
technique  is  to  scoop  one  into  the  hand  and  gently 
close  the  fingers  to  form  a  cage  around  it.  Crickets  do 
not  bite  or  harm  the  handler  in  any  way. 

ADVANCE  PREPARATION 


Suggested  time:  two  and  one-half  weeks 


TEACHING  MATERIALS 
For  each  child: 

student  manual  pages  14  and  16 
For  each  team  of  four  children: 

1  terrarium  (from  Chapter  7) 
Drawer  1 

1  cricket  house 

Drawer  3 

2  wooden  sticks 
1  label 

Drawer  4 

1  cricket  feeder 

Drawer  5 

2  square  bases 
1  planter  cup 

1  tumbler  lid 
1  cotton  roll 

For  the  class: 

butcher  paper  (optional)  * 
glue* 

crayon  or  felt  pen  * 
masking  tape  * 

100  cricketst 
soilt 

Drawer  2 

6  water  sprinklers 

Drawer  3 

seeds  (all  types) 

4  plastic  bags 

*  provided  by  the  teacher 
t  in  Shipment  C-1 
t  Sand  and  Soil  box 


As  soon  as  the  crickets  arrive,  turn  to  "SCI IS  Plants 
and  Animals,"  page  109,  for  information  on  receiving 
and  caring  for  them.  Plan  to  distribute  the  crickets 
within  one  day  after  you  receive  them. 

You  can  expect  some  excitement  in  the  classroom 
when  the  crickets  are  introduced.  Some  children  will 
be  reluctant  to  handle  crickets.  Some  teachers  have 
asked  hesitant  children  to  stand  aside  and  let  the 
others  get  their  crickets  first.  Soon  nearly  all  their  stu¬ 
dents  are  handling  crickets. 

Distributing  the  crickets.  Distribute  the  crickets  by 
taping  all  four  plastic  bags  next  to  each  other  on  a 
desk,  table,  or  chalk  rail  so  that  the  bags  hang  over  the 
side  with  the  tops  open.  Then  loosen  one  end  of  the 
shipping  container  and  insert  it  into  the  bag.  Remove 
the  cover  and  shake  gently  until  there  are  about 
twenty-five  crickets  in  the  bag.  Recap  the  cricket  con¬ 
tainer,  place  it  in  the  next  bag,  remove  the  lid,  shake 


Figure  9-1.  Transferring  the  crickets  from 
the  shipping  container  to  the 
distribution  bag. 
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the  container,  and  so  on.  Crickets  often  cling  to  the 
outside  of  the  shipping  container.  To  get  all  of  them 
out,  you  may  have  to  strike  the  closed  end  of  the 
container  with  your  hand.  Now  you  can  move  the 
large  bags  with  crickets  to  the  distribution  stations. 

Materials.  Set  up  separate  distribution  stations  for 
crickets,  eight  square  bases,  seeds,  and  wooden 
sticks  for  the  first  day.  On  the  day  the  children  exper¬ 
iment  to  find  out  what  crickets  eat,  they  will  need  an 
additional  eight  square  bases,  soil,  planter  cups,  cot¬ 
ton  rolls,  labels,  and  seeds. 

TEACHING  SUGGESTIONS 

This  activity  is  an  exploratory  part  of  two  learning 
cycles — for  the  plant-eater  and  consumer  concepts 
introduced  in  Chapter  11,  and  for  the  reproduction 
concept  introduced  in  Chapter  15. 

Reviewing  the  population  concept.  Ask  the  children 
to  name  the  populations  they  have  in  their  terrariums 
now.  Tell  them  they  will  now  get  some  crickets  to  add 
to  their  terrariums.  Determine  if  the  children  realize 
these  new  animals  will  be  a  new  population  in  the 
terrariums.  Show  the  children  the  crickets  and  ask 
them  what  they  think  will  happen  after  the  crickets  are 
put  in  the  terrariums. 

Those  students  who  have  studied  the  SCI  IS  Popula¬ 
tions  unit  may  remember  that  crickets  ate  the  plants  in 
the  classroom  terrariums.  Sometimes  crickets  will  eat 
each  other,  but  usually  that  happens  only  if  one  crick¬ 
et  has  already  died  from  other  causes. 

Preparing  the  terrariums.  Tell  the  children  that  crick¬ 
ets  need  dry  places  in  their  normal  habitat.  Since  the 
plants  in  the  terrariums  have  to  be  watered,  the  soil 
may  be  too  wet  for  the  crickets.  The  children  can  pro¬ 
vide  a  dry  place  by  making  a  cricket  house  of  folded 
paper.  Each  team  should  get  one  cricket  house,  fold  it 
according  to  the  printed  directions,  and  place  it  in  the 
terrarium. 

Tell  the  children  that  because  crickets  must  have 
food  to  survive,  a  wide  variety  of  foods  should  be 
provided.  Tell  them  they  may  place  a  few  of  each  kind 
of  seed  in  the  reservoir  base. 

Observing  the  crickets.  Let  each  child  get  three 
crickets  for  the  team  terrarium;  extra  crickets  may  be 
distributed  among  the  terrariums  (Figure  9-4). 

While  the  students  observe  the  crickets,  encourage 
them  to  concentrate  on  the  animals'  behavior  rather 
than  on  structure.  What  crickets  do,  how  they  move, 
and  what  they  eat  are  more  important  than  how  many 
legs  or  mouthparts  they  have.  As  you  visit  each  team, 
be  alert  for  questions  or  comments  about  what  crick¬ 
ets  eat,  and  use  these  to  stimulate  class  discussion. 

When  your  pupils  have  had  sufficient  time  to  ob¬ 
serve  the  crickets,  remind  them  to  water  their  plants, 


Assembly  Instructions 

1  Cut  along  all  solid  lines. 

2.  Fold  inward  on  all  dotted  lines. 

3.  Overlap  panels  A.  B  and  C,  D 
and  tape  together  inside. 

4  Insert  tabs  into  slots. 


SCISi 

Cricket  House 

Communilw.  i'221  - 10010  J .  Om**  9 
c  <978  Rand  MCNaiiy  &  Company 


Figure  9-2.  Cricket  house  before  it  is  assembled. 


Figure  9-3.  Assembled  cricket  house  in  the  terrarium. 
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Figure  9-4.  Getting  crickets  from  the  distribution  bag. 


being  careful  not  to  wet  the  cricket  houses.  The  ter¬ 
rariums  should  be  covered  and  returned  to  the  stor¬ 
age  area. 

Observations.  Student  manual  page  14.  Ask  the  chil¬ 
dren  to  describe  what  they  observed  when  the  crick¬ 
ets  were  first  placed  in  the  terrariums.  Encourage 
them  to  discuss  the  interactions  of  the  crickets  with 
factors  in  their  environment  (soil,  air,  light,  water, 
other  crickets,  and  plants).  The  children  should  enter 
their  observations  on  this  page  either  during  or  after 
the  discussion. 

Figure  9-5.  Chart  headings  for  “What  Do  Crickets  Eat?” 


Discussion.  A  day  or  so  later  the  children  should  ob¬ 
serve  the  crickets  and  water  the  plants  again,  taking 
care  to  notice  changes  within  the  terrariums.  Then 
have  another  discussion  and  ask  the  children  what 
they  have  observed.  They  may  have  seen  crickets  eat¬ 
ing,  climbing,  burrowing,  or  resting.  On  the  other 
hand,  if  they  did  not  observe  the  crickets  eating,  they 
will  probably  ask  what  crickets  eat.  Encourage  such 
questions  and  ask  what  is  in  the  terrariums  that  might 
act  as  food  for  crickets.  List  the  foods  suggested  on 
the  chalkboard  or  on  a  piece  of  chart  paper  for  refer¬ 
ence  when  the  children  set  up  their  experiments. 

Ask  the  children  how  they  might  find  out  what 
crickets  eat.  They  will  probably  suggest  watching  the 
crickets.  Since  these  organisms  may  not  eat  during 
the  observation  period,  encourage  experimentation. 
Someone  may  suggest  that  a  cricket  be  isolated  with 
food.  Later  if  any  food  is  gone,  the  students  can  as¬ 
sume  that  the  cricket  ate  it. 

Building  the  cricket  experimental  chamber.  Show  the 
children  the  available  materials  and  have  a  pupil  help 
you  demonstrate  the  preparation  of  a  cricket 
chamber: 

•  Add  enough  soil  to  a  tumbler  so  the  soil  surface  is 
about  2  cm  (%  in)  from  the  bottom. 

•  Do  not  water  the  soil! 

•  Place  a  drop  of  glue  (rubber  cement  or  white 
glue)  on  the  side  of  a  cotton  roll  and  press  the  roll 
to  the  inside  of  the  cup,  quite  near  the  soil  but 
not  touching  it. 

•  Break  one  wooden  stick  in  half  and  push  each 
broken  end  into  the  soil. 

•  Place  one  cricket  feeder  on  the  soil. 

•  Add  one  or  two  foods — possibly  seeds,  wheat 
leaves,  mustard-plant  stems,  an  old  cricket  leg,  or 
dead  spider — to  the  center  of  the  cricket  feeder. 

•  Place  about  six  drops  of  water  on  the  cotton  roll. 

•  Add  two  crickets  to  the  cup  and  cover  with  the 
perforated  lid  (Figure  9-6). 

Let  the  children  obtain  their  materials  and  assemble 


What  Do  Crickets  Eat? 


bean 

bean 

cotyledon 

leaf 

radish 

root 


mustard  dead 
seed  spider 


seed 
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Figure  9-6.  A  completed  cricket  experimental  chamber. 


the  cricket  experimental  chambers.  Allow  the  mem¬ 
bers  of  each  team  to  decide  what  foods  they  want  to 
put  aside.  You  might  suggest  that  if  they  use  small 
samples,  it  will  be  easier  to  collect  evidence  that 
something  has  been  eaten.  Ask  the  children  to  label 
the  caps  with  their  initials  and  the  date. 

Using  student  manual  page  16  (top).  The  children 
can  record  the  kinds  of  food  placed  in  the  cricket 
houses  on  this  page.  Their  records  will  be  more  accu¬ 
rate  if  the  foods  are  listed  when  the  experiment  is 
being  set  up  rather  than  afterwards. 

As  you  observe  the  children,  ask  what  foods  they 
placed  in  the  containers  and  see  if  their  answers  cor¬ 
respond  with  the  student  manual  records.  The  first 
two  columns  in  the  student  manual  chart  should  be 
filled  in  before  the  cricket  chambers  are  put  away. 
Store  them  out  of  sunlight  in  a  temperature  range  of 
18-38°C  (65-100°F). 

Recording  the  data.  After  a  day  or  two  the  children 
should  examine  the  containers  and  compare  the 
contents  with  the  materials  listed  on  student  manual 
page  16.  If  the  children's  search  fails  to  produce  any 
evidence  of  crickets  eating,  ask  them  if  they  think 
crickets  eat  at  all.  They  will  probably  request  strongly 
that  you  give  them  another  day  to  investigate.  You  can 
easily  do  this,  as  the  crickets  will  live  for  a  week  in  the 


Chapter  9 

Record  the  results  of  your  cricket  food  experiment. 


KIND  OF  FOOD 

PROVIDED 

AMOUNT  OF  FOOD 

PROVIDED 

WAS  THE  FOOD 

EATEN? 

WAS  THE  FOOD 

PART  OF  A  PLANT  OR 

PART  OF  AN  ANIMAL? 

What  foods  would  you  feed  a  population  of  crickets? 
Use  the  class  data  to  help  you  decide. 


If  the  crickets  used  animals  for  food,  where  did 
those  animals  get  their  food? 


houses  if  the  cotton  is  kept  moist  and  there  is  food 
inside.  Crickets  may  eat  in  spurts — a  little  one  day  and  a 
great  deal  the  next. 

Once  the  foods  begin  to  disappear,  the  children 
can  gather  data.  Ask  them  to  place  a  check  mark  in 
column  3  on  page  16  to  indicate  each  food  eaten  and 
to  complete  column  4.  After  the  records  in  their  stu¬ 
dent  manuals  are  complete,  the  crickets  can  be  re¬ 
turned  to  the  terrariums. 

Pooling  the  data.  Ask  the  children  to  refer  to  their 
manuals  and  tell  you  what  they  put  in  the  houses  for 
food.  On  a  piece  of  chart  paper  or  on  the  chalkboard, 
list  each  kind  of  food  tested.  Your  record  may  look 
like  the  one  shown,  but  it  may  include  many  more 
items.  On  the  chart  each  team  should  mark  each  kind 
of  food  eaten  by  its  crickets. 

Using  student  manual  page  16  (bottom).  After  the 
children  have  finished  recording  on  the  class  chart,  let 
them  complete  this  page  to  summarize  and  use  the 
class's  findings. 

Reviewing  plant-eater.  Remind  the  children  that  an 
animal  that  uses  plants  as  a  food  source  is  called  a 
plant-eater.  The  cricket  is  an  example  of  a  plant-eater. 
Ask  the  children  to  name  other  plant-eaters  they 
might  know  about. 
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Feeding  crickets.  The  children  may  not  want  to  re¬ 
plenish  the  cricket  food  in  their  terrariums  now.  If 
they  found  that  a  certain  seed  was  eaten  often,  en¬ 
courage  them  to  add  some  to  the  square  base  in  each 
terrarium.  Observe  the  foods  they  select,  to  gain 
feedback  about  the  students'  interpretation  of  the 
data  on  the  chart;  notice  also  whether  they  based 
their  decisions  on  evidence. 

Cleanup.  Clean  the  equipment  used  for  the  cricket 
houses  and  return  it  to  the  kit  for  use  in  the  next 
chapter. 

EXTENDING  YOUR  EXPERIENCE  CARDS 

12.  Will  Crickets  Eat  Our  Foods?  Children  trying  this 
activity  will  need  to  raid  the  lunchroom  and  beg  little 
pieces  of  various  foods.  They  will  also  need  a  cricket 
experimental  chamber  or  similar  setup. 

13.  When  Do  Crickets  Eat?  Children  selecting  this 
card  should  find  a  suitable  container  (an  unbreakable 
type  is  best)  in  which  to  carry  the  crickets  and  food. 

14.  Do  Crickets  Like  Their  Food  Dry  or  Moist?  Chil¬ 
dren  wanting  to  carry  out  this  activity  will  need  a 
cricket  experimental  chamber  of  some  kind.  Advise 
them  to  keep  the  wet  foods  (two  or  three)  away  from 
the  dry  foods. 


12 


CHAPTER  NINE 

Will  Crickets  Eat  Our  Foods? 


«  Communities 


Find  out  what  human  foods  crickets  will  eat. 


Get  small  pieces  of  student  lunches  or  bring 
bits  of  food  from  home. 


-  Meats,  cheese,  lettuce,  olives,  or  bread 
can  be  placed  in  an  experimental  chamber 
with  crickets. 

Be  sure  to  use  only  tiny  pieces  of  food, 
or  you  will  not  know  whether  the  crickets 
ate  any. 


To  find  the  answer  to  this  question, 
take  a  cricket  home  for  the  night  or 
for  a  weekend. 

First  find  out  one  kind  of  food 
crickets  eat. 

Then  put  a  little  of  that  food  into 
a  plastic  vial  or  other  small  container 


Take  the  vial  and  the  cricket 
experimental  chamber  home  with  you. 


When  you  get  home,  put  the  food 
in  the  feeder. 


Look  at  the  setup  several  times 
through  the  night  and  day  to  find  out 
when  crickets  eat. 


ISCiS 


Communiiies 
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CHAPTER  NINE 


Do  Crickets  Like  Their  Food  Dry  or  Moist? 


Decide  what  kinds  of  foods  to  offer  a 
cricket,  and  get  two  tiny  pieces  of 
each  kind.  Some  foods  you  can  try 
are  wheat  seeds  and  cheese. 


Moisten  one  piece  and  leave  the  other 
piece  dry. 


Be  sure  the  pieces  of  food  are  very 
small  so  that  you  can  tell  if  the 
cricket  takes  a  bite. 


Put  the  food  in  an  experimental  chambi 
with  a  cricket. 


SCIS  Communiiies 


GETTING  READY 

You  must  order  organisms  at  least  three  weeks 
before  they  are  needed.  You  will  need  salaman¬ 
ders,  mealworms,  extra  crickets,  and  isopods 
(Shipment  C-2)  for  Chapters  1 1  and  12.  Each  time 
you  mail  an  order  form,  record  the  arrival  date 
you  have  requested  on  your  calendar. 


m 


How  Much  Food  Do  Crickets  Eat? 


SYNOPSIS 

Children  count  and  record  the  number  of  mustard 
seeds  eaten  by  crickets  over  a  four-day 
period. 

Suggested  time:  five  days,  including  the  major 
class  session  when  the  cricket  experimental 
chambers  are  prepared 

TEACHING  MATERIALS 
For  each  child: 

student  manual  pages  17  and  18 

For  each  team  of  four  children: 

2  crickets 

Drawer  4 

1  cricket  feeder 

Drawer  5 

1  tumbler  lid 
1  planter  cup 
1  cotton  roll 

For  the  class: 

crayon  or  felt  pen  * 
soilt 

Drawer  1 

Crickets-Seeds  chart 
Drawer  2 
6  water  sprinklers 

Drawer  3 


ADVANCE  PREPARATION 

Set  up  distribution  stations  for  the  cups,  lids,  cotton 
rolls,  and  seeds.  The  children  should  build  their 
cricket  chambers  before  obtaining  the  crickets  from 
the  terrariums. 

TEACHING  SUGGESTIONS 

This  activity  is  an  exploratory  part  of  the  learning  cy¬ 
cle,  setting  the  stage  for  the  invention  of  pyramid  of 
numbers  in  Chapter  11. 

Mustard-seed  experiment.  Ask  your  pupils  to  review 
the  foods  that  crickets  eat.  They  may  consult  the  data 
accumulated  in  Chapter  9.  Some  children  will  have 
determined  that  crickets  eat  mustard  seeds.  Ask  how 
many  of  these  seeds  a  cricket  will  eat  in  four  days  and 
encourage  the  children  to  plan  a  way  to  find  out.  Limit 
the  cricket  food  to  mustard  seeds,  because  these  are 
all  the  same  size.  The  children  will  probably  suggest 
using  cricket  chambers  as  before. 

Have  the  children  obtain  the  necessary  materials 
and  assemble  the  cricket  chambers.  Each  team  should 
use  two  crickets  in  this  experiment.  Since  the  children 
cannot  watch  their  crickets  all  day,  they  will  probably 
decide  it  is  much  more  practical  to  count  the  mustard 
seeds  at  the  beginning  and  at  the  end  of  the  four-day 
experiment.  You  might  suggest  that  each  team  begin 
with  forty  seeds,  a  large  enough  supply  so  that  seeds 
will  probably  not  have  to  be  added  later  on.  The  seeds 
may  be  counted  and  dropped  into  a  cricket  feeder  as 
in  Chapter  9.  Remind  the  children  to  moisten  the  rolls 
of  cotton  in  the  cricket  chambers.  They  should  label 
their  cups  with  the  team  members'  initials. 

Figure  10-1.  An  experimental  setup  to  discover 
how  much  food  crickets  eat. 


500  mustard  seeds 

*  provided  by  the  teacher 
t  Sand  and  Soil  box 
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48  /  Part  Two 


Using  student  manual  page  17.  Students  can  count 
the  seeds  daily  and  calculate  the  number  missing, 
keeping  their  records  on  this  page.  If  the  crickets  eat 
all  forty  seeds  before  the  four-day  experiment  has 
ended,  more  seeds  should  be  added  and  that  number 
recorded. 

As  pupils  continue  recording,  they  can  graph  the 
decline  of  the  seeds  on  this  page.  They  should  com¬ 
plete  the  graph  before  you  introduce  the  Crickets- 
Seeds  chart. 

Crickets-Seeds  chart.  Tape  the  Crickets-Seeds  chart 
on  the  chalkboard  and  ask  the  teams  how  many  seeds 
their  crickets  ate  in  four  days.  List  the  number  on  the 
board,  add  them,  and  record  them  in  the  Seeds  sec¬ 
tion  of  the  chart.  Then  record  in  the  Crickets  section 
of  the  chart  the  number  of  crickets  that  ate  those 
seeds. 

Ask  the  children  how  they  might  figure  the  number 
of  seeds  one  cricket  ate  in  four  days.  If  you  think  the 
children  will  have  difficulty,  show  them  how  to  divide 
the  number  of  seeds  eaten  by  the  total  number  of 
crickets  to  find  the  average  number  of  seeds  one 
cricket  ate.  For  example,  if  167  seeds  were  eaten  in 
four  days  by  sixteen  crickets,  then  one  cricket  ate  10.4 
seeds.  Tell  the  children  to  round  off  the  figure  to  the 
nearest  whole  number  and  to  record  this  number  on 
page  17. 

Using  student  manual  page  18.  Invite  the  children  to 
list  some  plant-eaters  and  the  plants,  plant  parts,  or 
plant  products  they  eat.  The  third  column  will  be 
completed  later. 

Cleanup.  The  crickets  should  be  returned  to  the  ter¬ 
rariums.  Let  your  students  wash  the  cups  and  bases 
and  return  them  to  the  kit. 


Figure  10-2.  Completed  Crickets-Seeds  chart. 


Date  you  put  crickets  in  the  chamber. 
Number  of  crickets  used - 


After  the  class  has  figured 
the  average  number  of  seeds 
one  cricket  eats  in  four  days, 
record  that  number. 


DAY  AFTER 

STARTING 

NUMBER 

OF  SEEDS  IN 

THE  CHAMBER 

NUMBER 

OF  SEEDS 

EATEN 

Total  Seeds  Eaten, 


Graph  the  number  of  seeds 
in  the  cricket  chamber  each 
day.  Draw  a  line  connecting 
the  points. 
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DAY  AFTER  STARTING 


Chapter  10 

Think  of  some  organisms  that  eat  plants  or  plant 
products.  List  these  organisms  in  the  second  column. 
In  the  first  column,  list  the  foods  these  organisms  eat. 


PLANT,  PLANT  PART, 
PLANT  PRODUCT 


PLANT  EATER 


ADVANCE  PREPARATION 


Animal-Eaters 


SYNOPSIS 

Children  add  a  salamander  to  each  terrarium  and 
observe  what  the  salamanders  eat. 

Children  count  the  number  of  crickets  eaten  by 
one  salamander.  They  use  the  data  on 
crickets  and  seeds  to  establish  a  pyramid  of 
numbers  for  their  organisms. 

Suggested  time:  four  class  sessions 


There  are  fifty  more  crickets,  eight  salamanders, 
eighty  isopods,  and  two  hundred  mealworms  in 
Shipment  C-2.  Plan  to  begin  this  chapter  as  soon  as 
you  receive  the  shipment.  Refer  immediately  to  the 
"SCI IS  Plants  and  Animals"  section  for  information  on 
receiving  the  organisms. 

Set  out  the  moss  for  the  children  to  place  in  the 
terrariums.  Extra  seeds  in  the  kit  may  be  used  to  re¬ 
plant  terrariums  if  they  look  weary.  Use  scissors  to  cut 
the  individual  labels  from  the  gummed  sheets. 


TEACHING  MATERIALS 
For  each  child: 

student  manual  pages  14  and  19-21 

For  each  team  of  four  children: 

terrarium  (from  Chapter  9) 

For  the  class: 

Crickets-Seeds  chart  (from  Chapter 
10) 

crayon  or  felt  pen  * 
scissors  * 

8  salamanders! 

8  pieces  of  mosst 

Drawer  1 

Salamanders-Crickets  chart 
Salamanders-Crickets-Seeds  chart 
Community  chart 
chart  labels 


TEACHING  SUGGESTIONS 

This  activity  continues  the  exploratory  phase  of  the 
learning  cycle  and  includes  the  invention  phase  for 
the  pyramid  of  numbers  concept. 

Adding  salamanders  to  the  terrariums.  Tell  the  chil¬ 
dren  that  the  salamanders  they  will  be  adding  to  the 
terrariums  need  a  little  moisture,  which  can  be 
supplied  by  adding  moss  and  keeping  it  moist.  Each 
team  should  get  one  piece  of  moss  and  press  it  into 
the  terrarium  end  opposite  the  cricket  house.  Form¬ 
ing  the  moss  into  a  flat  mat  is  usually  better  than  wad¬ 
ding  it  up  in  a  corner  (Figure  11-1). 

The  children  should  moisten  the  moss  whenever  it 
is  dry  to  the  touch  (usually  every  other  day).  Tell  the 
children  that  the  salamanders  will  distribute  water 
from  the  moss  as  they  move  about,  and  so  little  or  no 
additional  water  is  needed  for  the  other  plants  from 
now  on.  The  idea  is  to  maintain  a  good-looking,  moist 
environment  without  turning  the  terrariums  into 
mudholes  by  overwatering. 


Drawer  2 

6  water  sprinklers 
Drawer  3 

seeds  (all  types) 

*  provided  by  the  teacher 
t  in  Shipment  C-2 


Figure  11-1.  Placing  the  moss  in  the  terrarium. 
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Figure  11-2.  A  child’s  first  observation  of  a  salamander. 


Salamanders  are  quite  docile  and  do  not  usually 
leap  around  when  picked  up  if  they  are  held  right- 
side-up.  You  should  warn  the  children  not  to  squeeze 
the  salamanders,  as  their  bodies  are  very  soft  and  can 
easily  be  damaged  internally.  Also,  if  your  classroom 
atmosphere  is  dry,  don't  let  the  children  keep  the 
salamanders  out  so  long  that  their  skins  dry  out. 

Observing  salamanders.  Distribute  the  salamanders 
or  let  one  member  from  each  team  get  them.  Have  the 
children  pick  up  the  animals  by  the  main  part  of  the 
body,  not  by  the  limbs  or  tail.  Salamanders  should  be 
carried  supported  on  a  child's  hand  or  forearm.  Allow 
the  students  plenty  of  time  to  become  familiar  with 
these  new  animals  (Figure  11-2). 

Using  student  manual  pages  14  and  19.  Encourage 
the  students  to  record  their  observations  of  the 
salamanders  on  these  pages. 

Salamanders  eating  crickets.  Student  manual  page 

20.  As  soon  as  a  salamander  is  seen  eating  a  cricket, 
suggest  that  each  team  count  the  number  of  crickets 
in  its  terrarium  and  record  that  number  at  the  top  of 
page  20.  They  will  be  able  to  find  out  how  many  crick¬ 
ets  a  salamander  eats  by  calculating  and  recording  the 
number  of  crickets  eaten  on  each  succeeding  day  for 
four  days.  Discourage  pupils  from  saving  or  hoarding 


Chapter 

Record  what  the  salamander  eats. 


Describe  the  salamander's  behavior. 


20  Chapter  11 

Date  you  put  the  salamander  in  the  terrarium _ 

How  many  crickets  were  in  the  terrarium  then? _ 

Record  the  number  of  crickets  the  salamander  eats. 


3rd  day 

crickets 

4th  dav  _ 

crickets 

Total 

After  the  class  has  figured  the  average  number  of 

crickets  one  salamander  eats  in  four  days,  record  that  number 
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the  crickets,  because  the  mealworms  and  isopods  will 
be  used  for  feeding  the  salamanders. 

Gathering  data.  Plan  a  class  discussion  after  your  stu¬ 
dents  have  recorded  the  data  through  the  fourth  day. 
Tape  the  Salamanders-Crickets  chart  to  the  chalk¬ 
board  and  ask  each  team  how  many  crickets  their 
salamander  ate.  Record  the  class  total  in  the  lower  half 
of  the  chart.  Then  ask  how  many  salamanders  ate 
those  crickets  and  record  that  number  in  the  top  half 
of  the  chart.  The  completed  Salamanders-Crickets 
chart  might  look  like  the  one  shown  (Figure  11-3). 
Now  ask  the  children  to  determine  the  number  of 
crickets  one  average  salamander  ate.  Have  them  rec¬ 
ord  that  number  on  student  manual  page  20. 

Combining  the  data.  Place  the  Crickets-Seeds  chart 
beside  the  Salamanders-Crickets  chart.  Now  post  the 
Salamanders-Crickets-Seeds  chart  and  tell  your  stu¬ 
dents  you  will  put  one  Salamander  label  in  the  top 
section.  After  this  label  is  in  place,  ask  how  many 
Cricket  labels  will  be  needed  to  represent  the  number 
of  crickets  eaten  by  one  salamander.  Place  as  many  of 
these  labels  in  the  middle  section  as  the  class  decides 
upon. 

Then  ask  how  many  Seeds  labels  should  be  placed 
in  the  bottom  section  of  the  chart  to  represent  the 
number  of  seeds  eaten  by  that  number  of  crickets. 
Two  methods  can  be  used  to  solve  this  problem;  both 
depend  on  the  number  of  seeds  one  cricket  ate  in 
four  days.  This  number  was  recorded  on  student 
manual  page  20. 

Method  A.  Suppose  one  cricket  eats  ten  seeds.  If 
one  salamander  ate  five  crickets  in  four 
days,  then  fifty  seeds  would  provide 
food  for  those  five  crickets.  Place  the 
appropriate  number  of  labels  (five 
seeds  on  each  label)  in  the  Seeds  sec¬ 
tion  of  the  chart. 

Method  B.  Divide  the  Seeds  section  into  as  many 
approximately  equal  parts  as  there  are 
Cricket  labels  on  the  chart.  Then  ask 
the  children  to  look  on  page  17  and  tell 
you  the  average  number  of  seeds  eaten 
by  one  cricket.  Draw  a  line  from  one 
cricket  to  the  nearest  compartment  in 
the  Seeds  section  and  place  labels 
there  for  as  many  seeds  as  were  eaten. 
Continue  adding  Seeds  labels  until 
each  compartment  contains  as  many 
seeds  as  one  cricket  ate. 

When  the  chart  has  been  filled  in,  have  the  children 
add  the  number  of  crickets  and  the  number  of  seeds. 
Write  the  totals  at  the  right  of  the  chart  so  the  children 
can  easily  see  them  (Figure  11-5). 

Using  student  manual  page  21.  The  children's  re¬ 
sponses  to  the  questions  on  this  page  will  give  you 


Figure  11-3.  Chart  showing  how  many  crickets  were 
eaten  by  eight  salamanders. 

Figure  11-4.  Combining  the  data  from  the  two  charts. 


Figure  11-5.  A  completed  pyramid. 
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Draw  arrows  between  the  organisms. 
Each  arrow  should  point  toward 


From  what  organism  did  the  salamander's  food  come? _ 

From  what  organism  did  the  cricket's  food  come? _ 

If  salamanders  eat  crickets,  do  salamanders  eat  food  from  plants? 
Explain. _ 


feedback  on  their  understanding  of  the  path  of  plant 
food  as  it  passes  along  a  food  chain. 

Discussion.  Discuss  the  food  relationship  among  the 
salamanders,  crickets,  and  seeds.  The  following  ques¬ 
tions  may  help  you  get  started: 

•  What  do  you  think  would  have  happened  to  the 
crickets  if  we  had  had  only  a  few  mustard  seeds? 

•  What  would  have  happened  to  the  salamanders  if 
there  had  been  fewer  crickets? 

•  What  do  you  think  would  have  happened  to  the 
seeds  and  crickets  if  the  classroom  population  of 
salamanders  had  been  only  one?  How  would  that 
have  changed  the  total  number  of  mustard  seeds 
and  crickets  eaten? 

•  What  if  there  had  been  no  crickets  at  all — only 
seeds  and  salamanders? 

•  What  might  have  happened  if  we  had  had  twice  as 
many  crickets? 

•  A  girl  in  one  class  said,  "It's  like  salamanders  eat 
mustard  seeds."  What  do  you  suppose  she  meant 
by  that? 

Questions  such  as  these  will  focus  the  students'  at¬ 
tention  on  the  fact  that  one  salamander  needs  quite  a 
few  mustard  seeds,  even  though  the  salamander 
doesn't  eat  the  seeds  directly. 


Figure  11-6.  The  beginning  of  the  Community  chart. 

“Inventing”  the  pyramid  of  numbers  concept.  Point 
to  the  pyramid-shaped  outline  of  the  Salamanders- 
Crickets-Seeds  chart  and  tell  the  children  that  this 
shape  is  a  triangle  if  it  is  two-dimensional,  and  a 
pyramid  if  it  is  three-dimensional.  Using  a  felt  pen  or 
colored  crayon,  darken  the  light  lines  printed  on  the 
chart  to  give  the  illusion  of  a  pyramid. 

Ask  the  students  if  they  can  think  of  any  other 
chains  of  plants  and  animals  in  which  there  is  a  plant 
"at  the  bottom,"  an  animal  that  eats  those  plants,  and 
an  animal  that  eats  the  animals  eating  the  plants. 
There  are  many  such  sets  of  organisms.  In  all  cases 
there  are  more  plants  or  seeds  than  animals  which  eat 
them  (otherwise  there  would  not  be  enough  extra 
seeds  to  develop  into  new  plants),  and  more  plant- 
eaters  (crickets)  than  animal-eaters  (salamanders). 

This  food  relationship  between  organisms  is  called 
a  pyramid  of  numbers,  because  the  relative  numbers 
of  the  three  kinds  of  populations  always  form  a 
pyramid. 

Community  chart.  Display  the  Community  chart,  but 
do  not  divulge  its  title  to  the  children.  The  top  section 
of  the  chart  is  for  recording  animal-eaters,  the  next 
section  is  for  plant-eaters,  and  the  plant  section  is  at 
the  bottom  (see  Figure  11-6).  Do  not  discuss  the 
names  of  the  categories.  (The  section  at  the  right  will 
not  be  used  until  Part  Three.) 

Tell  the  children  they  can  use  the  charts  for  record¬ 
ing  the  food  for  each  animal  population  in  the  ter¬ 
rariums.  Write  the  word  salamanders  in  the  upper¬ 
most  section  and  tell  the  children  that  this  represents 
a  population  of  salamanders.  Ask  the  children  to  re¬ 
port  their  observations  of  what  salamanders  eat  and 
write  crickets  in  the  plant-eater  section.  Then  draw  an 
arrow  pointing  from  crickets  to  salamanders.  Now  ask 
what  crickets  eat.  In  the  plant  section,  record  each 
kind  of  plant  crickets  eat.  Draw  arrows  from  the  plants 
to  crickets.  Some  students  do  not  understand  why  the 
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arrows  are  drawn  to  the  population  that  eats  rather 
than  to  the  one  that  is  eaten.  Tell  them  that  the  arrows 
represent  food  going  into  the  population  that  uses  it. 
For  example,  mustard  seeds  go  into  crickets,  and 
crickets  go  into  salamanders.  (Food-chain  arrows  are 
sometimes  drawn  in  the  other  direction,  but  children 
understand  this  technique  best.) 

Identifying  the  chart  categories.  After  the  popula¬ 
tions  have  been  recorded  and  the  arrows  drawn,  iden¬ 
tify  the  sections  on  the  chart.  If  your  students  have 
had  the  SCI  IS  Populations  unit,  they  may  recognize 
the  categories  as  animal-eaters,  plant-eaters,  and 
plants.  Remind  the  children  that  an  animal,  such  as 
the  salamander,  that  eats  other  animals  is  called  an 
animal-eater.  Some  children  may  remember  the  terms 
and  will  be  able  to  give  examples  of  plant-eaters  and 
animal-eaters. 

Some  may  even  recall  the  term  plant-animal-eater, 
which  was  used  for  omnivorous  animals  in  Popula¬ 
tions.  If  they  do,  tell  them  that  such  animals  are 
placed  in  both  categories  of  charts  like  this.  If  no  one 
remembers  the  term,  don't  complicate  the  activity  by 
bringing  it  up  yourself. 

Using  student  manual  page  18.  Have  the  students 
open  their  manuals  to  this  page  and  tell  them  to  write 
the  word  animal-eater  above  the  column  at  the  right. 
Then  ask  them  to  list  the  names  of  any  animals  they 
think  would  capture  and  eat  the  plant-eaters  (middle 
column).  The  students  should  add  arrows  to  repre¬ 
sent  the  food  relationships  among  the  organisms. 
Some  animals  will  have  more  than  one  arrow  going  to 
them. 


EXTENDING  YOUR  EXPERIENCE  CARDS 


15.  Different  Foods  for  Salamanders.  Children 
selecting  this  card  may  try  to  feed  the  salamanders 
such  diverse  foods  as  cereal  flakes,  hamburger  (un¬ 
cooked),  and  flies.  Encourage  them  to  use  pieces 
smaller  than  pencil  erasers.  Under  no  circumstances 
should  a  child  attempt  to  force-feed  a  salamander. 
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Different 


Foods  for  Salamanders 


"\ 


Try  feeding  many  different  kinds 
of  foods  to  your  salamander. 

Offer  a  nonmoving  food,  such  as 
a  bit  of  raw  hamburger  or  sandwich 
meat.  See  what  happens  when  the 
food  is  still.  Then  see  what  happens 
when  you  move  it  on  the  end  of  a 
stick  or  string. 


Make  a  list  of  the  foods  eaten  and 
another  list  of  foods  not  eaten. 
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16.  Do  Salamanders  Use  Sight  for  Finding  Food? 

Children  selecting  this  activity  will  need  some  black 
cloth  or  a  box,  scissors,  and  tape  to  make  a  light-tight 
hood  for  their  terrarium. 


OPTIONAL  ACTIVITIES 

Food  for  a  year.  Your  class  may  be  interested  in  de¬ 
termining  the  number  of  mustard  seeds  necessary  for 
maintaining  a  salamander  for  a  year.  (The  data  on  the 
Salamanders-Crickets-Seeds  chart  shows  how  many 
seeds  a  salamander  needs  in  4  days.  Suppose  50  is  the 
total  number  of  seeds  recorded  on  the  chart.  The 
children  will  have  to  calculate  how  many  4-day 
periods  there  are  in  365  days  (about  91).  Then  91  times 
50  seeds,  or  4,550  seeds,  will  be  needed  to  feed 
enough  crickets  to  feed  one  salamander  for  one  year. 
(The  children  may  work  the  problem  differently  by 
figuring  how  many  seeds  are  needed  for  just  1  day  and 
multiplying  that  value  by  365.) 

Animal-eater  mural.  The  children  can  construct  a 
large  mural  by  drawing  a  life-size  animal-eater,  such 
as  a  mountain  lion,  and  adding  pictures  or  drawings  of 
its  food  inside  the  outline.  For  example,  they  can 
place  a  raccoon  drawing  inside  the  mountain  lion,  a 
bird  and  some  eggs  inside  the  raccoon,  and  seeds 
inside  the  bird. 
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17.  How  Far  Can  a  Salamander  See?  The  student 
selecting  this  card  will  need  a  wooden  stick,  scissors, 
white  paper,  and  glue.  Food  could  be  substituted  for 
the  flag,  but  in  that  case  the  salamander  might  re¬ 
spond  to  the  odor  of  the  food. 


CHAPTER  ELEVEN 

How  Far  Can  a  Salamander  See? 


Place  a  small  piece  of  white  paper  on  a  stick  and 
gently  wave  the  "flag"  at  different  distances  from 
a  salamander 

Watch  the  salamander  s  eyes.  Does  it  seem  to 
see  the  movement? 
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CONCEPT  /  PROCESS  EVALUATION 

If  you  choose  to  evaluate  the  children's  understand¬ 
ing  of  relative  population  size  and  of  the  effect  on  a 
community  of  introducing  a  new  population,  turn  to 
page  99  of  the  evaluation  section  at  the  back  of  the 
guide. 


GETTING  READY 

Do  not  feed  the  salamanders  for  two  days  before 
beginning  Chapter  12. 


More  Plant-Eaters 


BACKGROUND  INFORMATION 


SYNOPSIS 

Children  add  isopods  and  mealworms  to  the 
terrariums  and  discover  that  salamanders  eat 
these  organisms. 

Children  apply  their  understanding  of  the 

categories  on  the  chart  when  they  play  a  food 
web  game. 


Mealworms  and  isopods  are  plant-eaters.  Mealworms 
usually  eat  dried  plant  parts  such  as  grain  or  grain 
hulls,  while  isopods  consume  decaying  plant  leaves 
and  stems.  This  food  energy  is  passed  on  to  the  sala¬ 
mander  that  eats  crickets,  isopods,  and  mealworms. 
Further  information  on  mealworms  and  isopods  may 
be  found  in  the  "SCI I S  Plants  and  Animals"  section, 
page  109. 


Suggested  time:  four  class  sessions 


TEACHING  MATERIALS 
For  each  child: 

student  manual  pages  14  and  22-25 

For  each  team  of  four  children: 

terrarium  (from  Chapter  10) 

“half  sheet”  of  lined  paper* 

1  pencil* 

Drawer  1 

1  deck  Food  Web  Game  cards 
4  Food  Web  Game  diagrams 

Drawer  4 

1  ninety-ml  plastic  cup 
1  cricket  feeder 

Drawer  5 

1  planter  cup 
1  tumbler  lid 
1  cotton  roll  (optional) 

For  the  class: 

Community  chart  (from  Chapter  11) 
crayon  or  felt  pen  (optional)  * 
butcher  paper  (optional)  * 

100  cricketst 
200  mealwormst 
80  isopodst 

Drawer  3 

8  labels 

Drawer  4 

8  tumblers 

6  ninety-ml  plastic  cups 

*  provided  by  the  teacher 
t  in  Shipment  C-2 


ADVANCE  PREPARATION 

Do  not  feed  the  salamanders  for  two  days  before  be¬ 
ginning  this  activity. 

Each  team  will  need  eight  isopods  and  twelve 
mealworms.  Place  these  animals  in  labeled  cups  at 
distribution  stations  so  they  are  available  to  the  chil¬ 
dren.  Return  the  remaining  mealworms  to  their  ship¬ 
ping  containers  and  use  them  later  as  food  for  the 
salamanders.  Extra  isopods  should  be  evenly  distrib¬ 
uted  among  the  terrariums  after  class  begins. 


TEACHING  SUGGESTIONS 

In  this  activity  children  discover  that  other  animals 
than  crickets  are  plant-eaters,  and  the  salamander  eats 
animals  other  than  crickets.  Children  discover  other 
food  chains,  and  then  the  food  web  concept  is  re¬ 
viewed. 

Introducing  more  plant-eaters.  Identify  the  meal¬ 
worms  and  isopods  for  your  students  and  tell  them  to 
observe  these  organisms  before  adding  them  to  the 
terrariums.  Children  who  have  had  the  Life  Cycles 
unit  will  recognize  mealworms,  and  children  who 
have  had  Environments  will  recognize  isopods.  Ask 
the  children  what  they  think  these  organisms  will  eat 
and  what  organisms  might  eat  them. 

Let  each  team  obtain  the  new  organisms  from  the 
distribution  centers  and  examine  them.  Those  chil¬ 
dren  who  may  not  want  to  handle  the  organisms  usu¬ 
ally  overcome  their  hesitation  when  they  see  their 
classmates  doing  so.  Have  the  children  add  the  or¬ 
ganisms  to  their  terrariums.  The  children  may  become 
excited  when  they  put  the  new  organisms  into  the 
terrariums  or  when  they  see  a  salamander  catch  an 
isopod  or  mealworm.  Be  alert  for  any  comments  you 
can  use  to  motivate  a  class  discussion  about  the  ani¬ 
mals'  activities. 

Using  student  manual  page  14.  Allow  the  children  to 
observe  for  as  long  as  they  are  interested  and  to  re¬ 
cord  their  observations  on  this  page.  Then  they 
should  moisten  the  moss  for  the  salamanders  and  re¬ 
turn  the  terrariums  to  the  storage  area. 
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Make  a  record  of  your  team's  terrarium. 

Draw  or  write  down  the  changes  you  observe. 


Discussion.  The  class  may  have  observed  the  meal¬ 
worms  and  isopods  burrowing  into  the  soil,  and  the 
isopods  crawling  up  plants  or  feeding  on  old  plant 
parts.  The  most  exciting  observations  occur  when  a 
salamander  catches  an  isopod  or  a  mealworm.  En¬ 
courage  the  children  to  report  their  observations  of 
food-getting  by  the  salamander,  isopods,  mealworms, 
and  crickets.  The  children  may  use  their  observations 
to  answer  questions  about  the  source  of  food  for  the 
mealworms  and  isopods.  However,  the  pieces  of  food 
these  animals  eat  are  so  small,  that  your  pupils  may 
not  know  whether  any  food  is  missing,  and  they  will 
have  to  find  out  by  experimenting. 

Experimenting  with  isopods  and  mealworms.  Ask 

the  children  how  they  could  find  out  what  mealworms 
and  isopods  eat.  The  children  may  say  “Put  them  in 
with  some  food."  Ask  questions  designed  to  make 
students  think  the  experiment  through  in  detail: 

•  What  container  will  you  use? 

•  How  large  a  piece  of  food? 

•  How  will  you  know  if  any  food  is  eaten? 

Tell  the  students  that  bran  from  the  mealworm  ship¬ 
ment,  plants  from  the  terrariums,  and  seeds  from  the 
kit  are  available. 

The  children  can  set  up  two  test  containers — one 
for  isopods  and  one  for  mealworms  (Figures  12-1  and 


Figure  12-1.  Experimental  setup  for  finding  out  what  mealworms 
eat. 


12-2).  The  cricket  experimental  chamber  works  well 
for  isopods.  The  small  plastic  cups  are  adequate  for 
mealworms. 

When  the  experiments  are  under  way,  look  for 
some  obvious  problems,  such  as: 

•  If  the  size  of  the  piece  of  food  is  larger  than  the 
tip  of  a  pencil  lead,  so  little  may  be  eaten  that  the 
children  do  not  notice  that  it  is  gone. 

•  If  the  children  do  not  record  the  sizes  of  the 
pieces  of  food  used  at  the  beginning,  they  may 
not  know  how  much  is  missing  later. 

•  If  the  tests  are  limited  to  plant  parts,  the  children 
will  not  know  whether  isopods  or  mealworms 
also  use  animals  for  food. 

Tell  the  children  to  provide  a  source  of  moisture, 
such  as  moist  cotton,  wood,  or  paper,  for  the  isopods. 
Both  animals  need  some  moisture,  but  the  isopods 
must  have  moisture  at  all  times. 

Each  team  should  label  the  test  containers  as  be¬ 
fore,  storing  them  where  they  can  be  observed  easily. 

After  a  day  or  two  encourage  the  children  to  exam¬ 
ine  the  contents  of  the  containers.  Ask  them  what 
they  added  for  food.  As  foods  are  named,  write  them 
as  column  headings  for  a  chalkboard  chart.  As  they 
observe,  the  teams  are  to  record  a  mark  for  each  kind 
of  food  eaten  by  the  isopods  and  by  the  mealworms. 

If  the  children  do  not  experiment,  you  will  have  to 
tell  them  that  isopods  eat  bran  and  decaying  plant 
leaves,  stems,  and  roots  and  that  mealworms  use  seed 
hulls,  such  as  bran,  or  cereals  for  their  food.  Then 
proceed  to  “Adding  information  to  the  Community 
chart." 
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Figure  12-2.  An  experimental  setup  for  finding  out  what  isopods 
eat. 
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Figure  12-3.  Adding  to  the  Community  chart. 


After  the  children  have  finished  recording,  have 
them  return  the  mealworms  and  isopods  to  the  ter¬ 
rariums  and  set  the  containers  aside  for  cleanup. 

Adding  information  to  the  Community  chart.  Display 
the  Community  chart  so  any  new  food  chains  can  be 
added  to  it.  Ask  the  students  in  which  sections 
“isopods"  and  "mealworms"  should  be  written.  Each 
time  you  add  a  new  food,  draw  an  arrow  from  the 
food  to  the  population  that  eats  it. 

Feedback.  To  find  out  whether  your  students  under¬ 
stand  the  categories  on  the  chart,  ask  them  to  name  a 
population  that  eats  animals.  If  a  child  suggests  lions, 
ask  where  to  write  "lions"  on  the  chart.  Don't  add  this 
population  to  the  chart  yet.  Instead  draw  another 
chart  on  the  chalkboard  and  write  lions  in  the 
animal-eater  section. 

Then  ask  what  lions  eat.  If  the  children  volunteer 
deer,  ask  them  where  on  the  chart  deer  should  be 
recorded  and  what  the  direction  of  the  arrow  should 
be.  Add  foods  the  children  suggest  for  the  deer  and 
draw  arrows  from  these  to  the  word  deer.  In  this  man¬ 
ner  encourage  the  children  to  add  other  populations 
to  the  chart  and  select  the  sections  on  the  chart  where 
the  populations  should  be  placed.  If  they  decide  that 
cows  belong  in  the  same  category  as  salamanders, 
then  they  don't  know  what  cows  eat,  or  they  do  not 
understand  the  categories  on  the  chart.  In  that  case 
discuss  the  categories  or  the  cows. 

Salamanders  eating  mealworms  or  isopods.  If  stu¬ 
dents  have  seen  a  salamander  eating  a  mealworm  or 


Figure  12-4.  Beginning  another  community. 


isopod,  they  should  draw  an  arrow  on  the  chart  from 
the  animal  eaten  to  the  salamander.  If  a  salamander 
eats  flies,  spiders,  or  other  animals  your  pupils  have 
brought  from  home,  they  should  print  the  names  of 
these  populations  in  the  proper  section  of  the  chart 
and  draw  the  appropriate  arrows. 

Reviewing  food  chain  and  food  web.  Select  one 
plant,  plant-eater,  and  animal-eater  relationship  from 
the  chart  and  write  it  on  the  chalkboard.  Tell  the  chil- 


58  /  Part  Two 


cricket  eggs- 


beetles 


springtails 

spiders 


crickets 


scorpions 


crickets 


■dead  crickets 


Many  organisms  live  inside  Cathedral  Cave,  Kentucky. 
Some  live  outside  the  cave.  Crickets  are  the  only  animals 
that  move  back  and  forth  between  the  outside  and  the 
inside.  The  food  web  diagram  looks  like  this: 


How  can  animals  live  in  the  cave  all  the  time 
when  there  are  no  plants  there  to  make  food?. 


Beetles  eat  the  dead  crickets.  Where  did 
the  materials  in  these  crickets  come  from?. 


Suppose  the  opening  is  closed  and  crickets  cannot 
get  in  and  out.  What  do  you  think  would  happen 
to  each  population  in  the  cave? _ 
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Figure  12-5.  Two  possible  food  webs. 


dren  that  the  feeding  relationship  among  a  plant, 
plant-eater,  and  animal-eater  is  called  a  food  chain.  A 
food  chain  may  consist  of  only  a  plant  and  the  popula¬ 
tion  that  eats  it  in  the  absence  of  an  animal-eater 

(grass - ►  elephant;  corn - ►man).  Then  ask  the 

children  to  find  other  food  chains  on  the  chart  and  list 
these. 

Review  the  food  web  concept  by  explaining  that 
two  or  more  connected  food  chains  make  a  food  web. 
The  accompanying  illustrations  show  two  different 
ways  that  food  chains  may  be  connected. 

Using  student  manual  page  22.  The  diagram  repre¬ 
sents  the  food  relationships  among  populations  in  a 
cave  in  Kentucky.  Let  the  children  examine  the  food 
web  and  then  answer  the  questions.  Afterwards  they 
may  discuss  and  defend  their  answers.  The  children 
will  probably  realize  that  no  plants  grow  in  that  cave 
and  that  if  crickets  could  not  come  and  go  no  food 
would  enter  the  cave,  and  everything  would  die. 

Using  student  manual  page  23.  Use  this  page  to  gain 
feedback  about  the  children's  understanding  of  the 
food  web  concept  and  the  way  a  web  is  represented 
on  a  Community  chart.  Suggest  they  transfer  the 
population  names  listed  on  student  manual  page  18  to 
the  diagram  on  page  23,  drawing  arrows  between 
populations  to  show  the  food  relationships. 

Food  Web  game.  To  illustrate  the  idea  that  food  is 
made  by  plants  and  used  by  plants,  plant-eaters,  and 
animal-eaters,  we  have  provided  the  Food  Web  game. 
This  game  is  a  simple  version  of  the  Communities 
game,  which  the  children  will  play  later. 

The  Food  Web  deck  contains  34  population  cards: 
salamanders  (8),  crickets  (6),  isopods  (6),  mealworms 
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Figure  12-6.  Rewriting  the  food  webs  in  Figure  12-5. 


Figure  12-7.  Food  chains  from  the  Community  chart. 


(6),  mustard  seeds  (4),  bran  (2),  and  grass  (2).  These 
populations  are  used  because  the  children  know  the 
food  relationships  existing  among  them. 


scored  after  each  round.  At  the  end  of  a  set  numjoer  of 
rounds  or  upon  reaching  a  predetermined  score,  the 
player  with  the  most  points  wins. 


Explaining  the  game.  Give  each  child  a  Food  Web 
game  diagram  and  explain  the  game  before  distribut¬ 
ing  the  card  decks.  (The  game  is  designed  for  four 
players,  but  three  may  play.  If  five  pupils  play,  they 
may  run  out  of  cards  before  “going  out.'') 

A  game  consists  of  a  series  of  rounds,  the  object  of 
each  round  being  to  collect  and  play  a  set  of  popula¬ 
tion  cards  that  represents  a  food  web.  The  hands  are 


Figure  12-8.  The  Food  Web  Game  Diagram. 
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Rules.  Some  of  your  pupils  may  be  unfamiliar  with 
card-game  terminology.  You  may  need  to  spend  some 
time  explaining  the  terms  shuffle,  face  up,  and  dis¬ 
card.  (Children  who  do  not  know  how  to  shuffle  cards 
may  simply  lay  them  face  down  on  the  table  and  mix 
them.) 

The  rules  are: 

1.  Each  team  selects  a  dealer  for  the  first  round. 
(On  the  next  round  of  play  the  person  to  the 
dealer's  left  becomes  dealer.) 

2.  The  dealer  shuffles  and  deals  five  cards  face 
down  to  each  of  the  other  players  and  to  herself. 
She  places  the  remaining  card  deck  face  down  in 
the  center  of  the  playing  area. 

3.  The  player  to  the  left  of  the  dealer  draws  the  top 
card  from  the  deck  and  compares  his  six  cards 
with  the  game  diagram.  If  he  has  cards  that  repre¬ 
sent  one  or  more  complete  food  chains,  he  places 
these  face  up  in  front  of  him. 

No  player  may  place  more  than  one  card  represent¬ 
ing  each  population  on  the  table.  (After  a  card  has 
been  placed  on  the  table,  it  may  not  be  picked  up 
unless  there  is  an  error.) 

4.  At  the  end  of  the  turn  the  player  either  keeps  the 
reamining  cards  in  his  hand  or  discards  one  card 
by  placing  it  face  up  next  to  the  deck.  He  then 
tells  the  person  to  his  left  that  he  is  finished. 

5.  The  next  player  draws  a  card  and  plays  if  she  can. 
(A  player  may  draw  the  top  card  from  the  deck, 
the  top  card  from  the  discard  pile,  or  the  entire 
discard  pile.) 
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Figure  12-9.  Two  possible  food  chains  in  the  Food  Web  game. 


Figure  12-10.  The  food  web  at  the  top  may  be  expanded  by  the 
addition  of  bran,  but  not  by  mealworms. 


salamanders 


-salamanders 


6.  Play  continues  as  each  child  adds  population 
cards  to  the  cards  on  his  or  her  playing  area. 
Each  time  a  card  is  added,  it  must  connect  di¬ 
rectly  to  the  food  chain.  For  example,  if  a  child 
has  put  down  the  following: 

isopods- 

grass' 

-crickets- 

she  may  add  bran  to  form: 

isopods. 

bran- 

grass  - - ►crickets- 

but  she  could  not  add  mealworms  unless  she 
had  bran'.  No  plant-eater  population  may  be  rep¬ 
resented  on  the  playing  area  unless  there  is  a 
card  for  the  plant  population  that  is  its  food. 

7.  The  round  ends  when  one  child  has  a  food  web 
(at  least  two  related  food  chains)  on  the  playing 
area  and  no  cards  remaining  in  his  hand.  He  then 
says,  "I'm  out"  to  the  other  players.  The  other 
players  can  then  check  his  cards  to  see  that  every 
one  was  played  correctly.  This  ends  the  round. 

8.  Each  child's  score  is  calculated  and  recorded. 
Then  the  next  round  can  begin. 


Scoring.  For  each  card  a  child  has  on  the  table,  she 
receives  two  points.  Unplayed  cards  are  not  counted. 
The  player  who  goes  out  first  gets  three  additional 
points.  One  child  on  each  team  should  be  the 
scorekeeper. 

Follow-up  discussions.  The  children  should  continue 
to  feed  the  salamander  and  observe  the  mealworms 
and  isopods  for  a  week  or  two.  The  ideas  developed 
in  subsequent  discussions  will  depend  upon  what  the 
children  observe.  The  mealworm  and  isopod  supplies 
will  diminish,  and  the  children  will  probably  discuss 
what  the  salamander  will  use  for  food.  This  problem 
may  lead  to  their  discussing  ways  to  prevent  the  sala¬ 
mander  from  starving,  such  as  feeding  it  indefinitely 
or  releasing  it  to  eat  in  a  natural  habitat.  If  they  release 
it,  be  sure  that  the  habitat  is  moist. 

Using  student  manual  pages  24  and  25.  Use  these 
pages  to  stimulate  class  discussion  or  tell  the  children 
to  complete  the  problem  independently.  Their  re¬ 
sponses  will  give  you  feedback  about  their  under¬ 
standing  of  food  relationships.  For  example,  a  child 
drawing  the  freeway  through  the  grasslands  and  farm¬ 
lands  may  suggest  that  there  will  be  less  food  for  the 
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I  cows  and  possibly  fewer  cows  as  a  result.  You  will 
have  some  indication  then  that  the  child  knows  re- 
I  moving  plants  may  change  the  size  of  populations 
I  that  the  plants  support. 

OPTIONAL  ACTIVITIES 

Collecting  isopods.  When  the  children  have  found  a 
I  satisfactory  food  for  isopods,  they  may  wish  to  use  it 
I  as  “bait"  to  catch  isopods  outside.  Moist  areas  con- 
I  taining  plants  usually  are  good  collecting  sites.  Stu- 
I  dents  may  make  elaborate  traps  or  simply  set  the  food 
I  out  by  itself  and  collect  the  isopods  that  come  to  it. 
I  Discourage  the  collecting  of  organisms  unless  they 
I  are  needed  for  use  in  the  classroom. 

I  Food  web.  Have  the  children  draw  “before"  and  "af- 
I  ter"  food  webs  for  the  organisms  shown  on  student 
I  manual  page  24.  If  there  is  an  area  nearby  that  is  soon 
I  to  be  changed  in  some  way,  the  class  could  visit  it  to 


Chapt»>  12  25 

A  freeway  has  to  be  completed.  Draw  colored  lines 
to  show  where  you  think  it  should  be.  What  do 
you  think  will  happen  to  the  plants  and  animals 
as  a  result  of  building  the  freeway  — 


in  the  grasslands  and  farmlands? 


in  the  city? 


in  the  woods  and  park?. 


record  the  present  food  web.  A  second  food  web, 
recorded  after  the  construction  has  begun,  would  be 
very  different  from  the  first. 

Additional  experiments  with  mealworms.  If  your  stu¬ 
dents  are  interested  in  learning  more  about  meal¬ 
worms,  we  suggest  you  consult  the  Elementary  Sci¬ 
ence  Study  teaching  unit  Behavior  of  Mealworms, 
(New  York:  McGraw-Hill  Book  Company,  1967). 

Extending  Your  Experience  cards  1-17  are  now  available 
for  the  children’s  use.  For  materials  needed,  refer  to  the 
equipment  list  accompanying  the  set  of  cards. 

CONCEPT  /  PROCESS  EVALUATION 

If  you  choose  to  evaluate  the  children's  understand¬ 
ing  of  the  importance  of  plants  in  a  food  web,  turn  to 
page  100  in  the  evaluation  section  at  the  end  of  the 
guide. 


OBJECTIVES 

To  interpret  the  decomposition  of  dead  plants  and  animal  bodies  as  evidence  of  the  action  o* 
molds,  bacteria,  or  yeasts. 

To  use  the  term  raw  materials  to  refer  to  the  products  of  decomposition. 


BACKGROUND  INFORMATION 

Molds,  bacteria,  and  yeasts,  like  all  other  organisms, 
use  plant  food.  These  decomposers  digest  available 
food,  such  as  a  dead  cricket  or  a  plant  part,  into  liquid 
that  can  be  absorbed.  As  this  proceeds,  we  say  that 
decomposition  of  the  organism  is  taking  place. 

Decomposition  is  an  important  phenomenon  in  a 
biotic  community.  Were  it  not  for  decomposition,  all 
animals  would  be  wading  through  dead  organisms. 
Without  decomposition  many  raw  materials  con¬ 
tained  in  that  dead  matter  would  not  be  returned  to 
the  soil  for  Use  by  other  forms  of  life. 

The  products  of  complete  decomposition  are  the 
raw  materials  that  were  first  part  of  the  plant,  then 
part  of  the  plant-eater's  body,  and  finally  incorpo¬ 
rated  into  the  animal-eater.  These  raw  materials — 
minerals,  water,  and  gases — are  returned  to  the 

Figure  111-1.  Plants  in  soil  containing  added  raw  materials  grow 
better  than  the  same  kind  of  plants  in  sand. 


earth's  soil,  atmosphere,  and  water  for  reuse. 

Through  decomposition  the  limited  raw  materials 
available  to  a  community  are  constantly  replenished. 
Without  this  process  the  materials  needed  by  or¬ 
ganisms  would  eventually  be  depleted,  and  the  com¬ 
munity  would  cease  to  exist. 

OVERVIEW 

In  Chapter  13,  “What  Happens  to  Dead  Organisms?" 
students  bury  dead  organisms.  When  they  discover 
fuzzy  growths  and  unpleasant  odors,  you  identify  the 
growths  as  molds  and  the  odors  as  evidence  of  bacte¬ 
rial  action.  In  Chapter  14,  “Bananas  and  Yeast,"  chil¬ 
dren  discover  that  yeasts  also  cause  decay,  and  the 
concept  of  raw  materials  is  "invented." 
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What  Happens  to  Dead  Organisms? 


SYNOPSIS 

Children  observe  mold  and  bacteria  growing  on 
various  dead  organisms. 

Children  add  the  terms  mold  and  bacteria  to  their 
class  Community  chart  and  infer  that  the 
decaying  organisms  are  food  for  the  molds 
and  bacteria. 

Suggested  time:  This  activity  should  be  started 
whenever  dead  organisms  are  discovered 
and  will  conclude  four  to  six  weeks  later. 
Setting  up  the  burial  vials  requires  one  class 
period. 

TEACHING  MATERIALS 
For  each  child: 

student  manual  pages  26  and  27 

For  each  team  of  two  children: 

dead  animals  (isopods,  crickets, 
mealworms),  seeds,  or  plant  parts 

Drawer  3 

1  plastic  vial  with  cap 
1  wooden  stick 
1  label 

For  the  class: 

Community  chart  (from  Chapter  12) 
paper  towels  * 
crayon  or  felt  pens  * 
sand! 

Drawer  2 

6  water  sprinklers 

Drawer  3 

32  plastic  vials  with  caps 
32  labels 
1  plastic  bag 

*  provided  by  the  teacher 
$  Sand  and  Soil  box 


BACKGROUND  INFORMATION 

Molds  are  microscopic  organisms  that  grow  and  re¬ 
produce  rapidly.  They  often  have  a  fuzzy  appearance 
and  may  be  any  of  several  different  colors,  depending 
on  the  species.  Mold  spores  (microscopic  reproduc¬ 
tive  cells)  are  normally  in  the  air  we  breathe.  There 
may  be  high  concentrations  of  these  spores  in  the 
children's  containers.  Tell  the  children  not  to  place 
their  noses  close  to  mold ,  as  mold  spores  should  not 
be  inhaled. 

Bacteria  are  also  microscopic  organisms  that  de¬ 
pend  on  other  organisms  for  food.  The  foul  odor  usu¬ 
ally  associated  with  the  decay  of  organisms  is  evi¬ 
dence  of  bacterial  action. 

ADVANCE  PREPARATION 

Set  up  stations  for  the  distribution  of  sand,  labels, 
sticks,  and  vials. 

TEACHING  SUGGESTIONS 

This  activity  is  exploratory  for  the  concept  of  decom¬ 
position.  Molds  and  bacteria  are  introduced  as  the 
sources  of  the  odor  and  rotting  observed. 

Planning  the  activity.  You  may  decide  to  conduct  this 
activity  with  individual  groups  of  children  when  they 
discover  dead  organisms,  or  you  may  set  the  dead 
organisms  aside  in  a  dry  container  until  there  are 
enough  for  the  whole  class  to  participate.  When 
plants  and  animals  die  in  the  classroom,  ask  the  chil¬ 
dren  what  happens  to  dead  organisms  in  nature.  After 
a  brief  discussion  tell  the  children  they  can  bury  dead 
organisms'in  transparent  vials  and  observe  them  over 
a  long  period  of  time  in  order  to  see  what  happens  to 
organisms  after  they  die.  For  this  activity  children  may 
use  dead  plants  or  animals  from  their  terrariums,  from 
the  shipping  containers,  or  from  the  playground. 

Demonstrating  the  setup.  Show  the  children  how  to 
construct  a  burial  vial.  Fill  a  vial  about  %  full  of  sand. 
Use  a  water  sprinkler  to  thoroughly  moisten  the  sand. 
Push  a  wooden  stick  into  one  vial  along  the  side,  as 
shown  in  Figure  13-1.  Place  a  dead  cricket,  cricket 
part,  mealworm,  isopod,  or  any  small  plant  part  in  this 
cavity.  Gently  push  the  sand  against  the  dead  or¬ 
ganism  to  hold  it  in  place  against  the  vial  wall  so  that  it 
can  be  seen  from  the  outside.  One  vial  can  hold  sev¬ 
eral  organisms;  encourage  the  children  to  include 
parts  of  both  plants  and  animals.  A  seed  may  be  used 
if  an  old  cotyledon,  leaf,  stem,  or  plant  root  is  not 
available.  Finally,  the  vial  should  be  tightly  capped 
and  labeled. 

If  a  salamander  or  other  large  animal  dies  and  the 
children  wish  to  observe  it,  they  may  bury  it  outside 
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Figure  13-1 .  Wedge  the  wet  sand  away  from  the  edge  of  the  vial. 


Figure  13-2.  A  completed  burial  vial,  with  the  organisms  visible. 


(and  mark  the  spot)  or  put  it  with  moist  sand  in  a 
sealed  container  (such  as  a  quart  jar)  and  keep  it  in  the 
classroom.  Do  not  seal  the  cap  tightly,  as  the  waste 
gases  produced  by  the  bacteria  may  burst  the 
jar  open. 

Preparing  burial  vials.  Student  manual  page  26.  Each 
team  should  build  one  burial  vial.  Have  the  team 
members  record  their  initials  and  the  numbers  and 
kinds  of  organisms  on  a  label.  They  may  also  record 
this  information  on  this  page.  If  the  label  is  placed  on 
the  vial  cap  instead  of  on  the  vial,  the  children  can  see 
the  changes  occurring  in  the  vial. 

Have  two  teams  each  prepare  an  additional  burial 
vial  with  organisms.  The  sand  in  these  vials  should  not 
be  moistened;  the  vials  will  serve  as  classroom  con¬ 
trols  for  moisture. 

Schedule  brief  observation  sessions  once  a  week 
for  the  next  four  or  five  weeks.  Invite  your  pupils  to 
record  their  observations  in  their  manuals.. 

Setting  up  additional  experiments.  Within  a  week  to 
ten  days  a  fuzzy  material  will  probably  appear  in  some 
of  the  vials.  Tell  the  students  that  this  is  mold  and 
encourage  them  to  look  at  it  closely.  Open  one  vial  so 
that  the  children  will  learn  that  bad  smells  usually  ac¬ 
company  the  growth  of  molds.  However,  do  not  let 
the  children  stick  their  noses  close  to  the  vials.  (Most 
things  that  smell  bad  are  not  good  for  humans.  It 
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Date  you  prepared  the  burial  vial 


Organisms  you  placed  in  the  vial 


Record  your  observations 


DATE 

OBSERVATIONS 
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Figure  13-3.  Mold  growing  on  bean  seeds. 


is  likely  that  through  the  millions  of  years  of  human 
history,  people  who  rejected  foods  having  bad  odors 
survived  longer  than  people  who  could  not  distin¬ 
guish  good  food  from  bad.  A  difference  in  parents' 
life  span  would  make  a  difference  in  the  number  of 
children  inheriting  the  "good"  or  "bad"  genes.  Thus 
the  spoilage-detecting  ability  would  have  accumu¬ 
lated  in  the  genes  of  human  populations,  and  now 
most  people  can  distinguish  good  food  from  bad  by 
its  smell.) 

Tell  the  children  that  mold  is  an  organism  that  uses 
something  in  the  vial  for  food,  allowing  its  population 
size  to  increase.  Ask  the  students  what  they  think  the 
molds  may  be  using  for  food.  Because  several  differ¬ 
ent  materials  are  in  a  single  burial  vial,  additional  ex¬ 
periments  will  have  to  be  set  up  in  order  to  determine 
precisely  what  the  mold  uses  for  food. 

Ask  the  students  how  they  might  find  out  what  the 
mold  uses  for  food.  They  may  suggest  setting  up  con¬ 
trolled  experiments  in  which  materials  such  as  plant 
parts,  animal  parts,  or  sand  are  tested  separately.  For 
example,  if  a  team  believes  that  the  mold  grew  on  a 
plant  part  and  not  on  the  animal,  sand,  water,  or  plas¬ 
tic,  the  children  will  need  two  vials:  one  with  moist 
sand,  and  one  with  moist  sand  and  a  plant  part.  Both 
vials  must  be  capped  and  stored  in  the  same  place  for 


Figure  13-4.  An  experimental  setup  for  determining  what  molds  use  for  food. 
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Figure  13-5.  Adding  molds  and  bacteria  to  the  Community  chart. 


the  same  length  of  time.  Then  if  mold  appears  only  in 
the  vial  containing  the  plant  part,  it  can  be  assumed 
that  the  plant  part  was  necessary  for  the  growth  of 
molds.  Some  children  may  believe  that  the  molds 
grew  on  water  or  on  the  plastic.  These  hypotheses  can 
also  be  tested  with  the  experimental  equipment  and 
materials. 

Let  the  children  set  up  their  experiments.  Rather 
than  dismantle  the  present  burial  vials,  use  the  extra 
vials  and  sand  in  the  kit. 

Examining  experiments.  Four  to  five  weeks  after  the 
first  set  of  vials  was  prepared,  any  liquid  will  have 
changed  from  clear  to  brown,  and  the  sand  will  have 
darkened.  After  these  changes  occur,  your  students 
should  observe  the  vials  carefully.  They  will  discover 
more  about  what  happens  to  dead  organisms  if  you 
allow  them  to  open  the  vials  and  examine  the 
contents.  If  you  can  carry  this  out  outside  the  room, 
the  room  will  not  acquire  the  unpleasant  odors  which 
will  surely  emerge.  Caution  the  children  not  to 
breathe  directly  from  the  vials  or  the  dead  organisms. 

In  our  trial-classroom  experience  most  teachers 
were  enthusiastic  about  this  activity,  because  the 
children  discovered  so  much  about  decomposition. 
They  felt  the  children's  discoveries  were  worth  the 
inconvenience.  The  success  of  the  activity  does  not 
depend  on  the  opening  of  the  vials,  however,  so  you 
may  skip  this  part  if  you  wish. 


If  you  decide  to  allow  the  children  to  open  the  vials, 
give  each  team  a  wooden  stick  and  a  paper  towel  so 
they  can  search  for  organisms  in  the  sand  or  spread 
out  the  contents  of  the  vials. 

Discussion.  To  initiate  a  discussion  you  might  ask 
questions  like  these: 

•  Have  you  noticed  any  odor  in  the  vials? 

•  Have  there  been  any  changes  in  the  appearance 
of  the  water  and  the  sand?  What  were  they  like 
before?  What  might  have  caused  the  changes? 

•  What  changes  have  there  been  in  the  organisms? 
Did  they  disappear?  If  so,  where  do  you  think 
they  went? 

After  the  discussion  have  all  the  children  place  the 
sand  and  decomposed  organisms  in  a  plastic  bag  for 
disposal.  The  vials  can  be  set  aside  for  cleanup. 

Adding  information  to  the  chart.  Point  to  the  plant- 
eater  and  animal-eater  sections  of  the  Community 
chart;  ask  the  children  what  happens  to  the  popula¬ 
tions  in  these  sections  after  they  die.  The  students  will 
probably  suggest  that  they  get  eaten  by  other  popula¬ 
tions,  decay,  rot,  smell,  or  get  moldy.  Explain  to  the 
students  that  although  bacteria  are  too  small  to  be 
visible,  the  odors  and  decay  they  observed  are  evi¬ 
dence  that  bacteria  were  in  their  vials.  Fuzzy-looking 
materials  in  the  vials  are  probably  molds.  Tell  them 
that  bacteria  and  molds  are  tiny  organisms  that  used 
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the  dead  organisms  as  food.  Write  molds  and  bacteria 
in  the  right-hand  section  of  the  chart.  Ask  the  children 
which  populations  on  the  chart  would  become  moldy 
and  decay  after  they  died.  As  children  name  popula¬ 
tions,  draw  an  arrow  from  each  population  named  to 
the  words  molds  and  bacteria. 

Now  ask  what  happens  to  dead  plants.  As  the  stu¬ 
dents  suggest  that  plants  may  become  moldy,  draw 
arrows  from  the  plants  to  the  words  molds  and  bac¬ 
teria.  Draw  these  arrows  so  they  sweep  clockwise,  as 
in  the  illustration. 

By  the  time  the  children  have  completed  this  activ¬ 
ity,  there  should  be  many  arrows  from  plants  to 
plant-eaters,  from  plant-eaters  to  animal-eaters,  and 
from  each  of  these  three  categories  toward  molds  and 
bacteria. 


OPTIONAL  ACTIVITIES 

Molds  in  light  and  dark.  If  the  children  associate 
molds  with  dark,  damp  environments,  such  as  gar¬ 
bage  cans,  encourage  them  to  determine  if  molds 
grow  better  in  the  dark  than  in  the  light.  They  should 
use  capped  vials,  each  containing  a  dead  plant,  water, 
and  sand.  Sleeves  made  of  black  construction  paper 
may  be  placed  around  the  vials,  or  the  vials  may  be 
put  in  a  dark  box.  Control  vials  must  be  placed  in 
lighted  areas  for  comparison.  The  control  vials  can  be 
set  under  the  light  sources,  but  then  they  are  also 
subject  to  heat.  Heat  and  moisture  should  be  alike  in 
both  setups. 

EXTENDING  YOUR  EXPERIENCE  CARDS 


Using  student  manual  page  27.  You  may  use  this  page 
to  gather  feedback  about  the  children's  understand¬ 
ing  of  molds  and  bacteria  and  their  need  for  water. 
Alternately  this  page  can  also  serve  as  a  set  of  discus¬ 
sion  topics  to  motivate  interest  in  setting  up  optional 
experiments. 

Cleanup.  The  vials  should  be  washed,  rinsed,  and 
stored. 
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Two  hikers  crossed  a  desert.  On  the  way  they 
noticed  a  dead  coyote.  Two  weeks  later  they  got 
a  surprise.  They  passed  the  body  again  and 
found  it  had  not  yet  decayed. 


18.  How  Does  Temperature  Affect  Mold  Growth? 

Children  selecting  this  card  will  need  four  vials,  some 
fruit,  caps  and  labels,  sand,  and  a  thermometer.  (One 
can  be  borrowed  from  the  classroom  using  the  SCI  IS 
Environments  unit.)  The  first  differences  can  usually 
be  seen  in  about  five  days.  Colder  temperatures  re¬ 
duce  mold  growth. 
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CHAPTER  THIRTEEN 

How  Does  Temperature  Affect  Mold  Growth? 


Put  moist  sand  in  four  vials. 


Cut  up  a  piece  of  fruit  (such  as  an  orange, 
grape,  or  apple)  into  several  small  pieces 
of  the  same  size. 


Put  one  piece  in  the  sand  in  each  vial. 


Cap  the  vials  and  label  each  of  them  with  your  narr 
the  date,  and  the  temperature  at  which  you  will 
keep  the  vial. 


Place  one  vial  in  a  freezer,  one  in  a  refrigerator, 
one  in  the  warmest  part  of  the  room,  and  one  under 
a  lamp. 


After  one  or  two  weeks,  see  how  much  mold  grew  ; 
each  temperature. 


Show  your  teacher  and  the  class  what  you  did  and 
what  you  found  out. 


scis  Communities 


Why  do  you  think  the  coyote  did  not  decay? 
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19.  Water  from  Burial  Vials.  Caution  the  student  not 
to  deliberately  sniff  the  burial  vial  or  the  water.  Be 
sure  he  or  she  selects  two  equal-sized  plants — one  to 
be  watered  with  the  burial  vial  water,  the  other  to  be 
used  as  a  control.  Results  may  not  be  definite,  but 
water  from  animal  decay  usually  promotes  plant 
growth. 
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CHAPTER  THIRTEEN 

Water  from  Burial  Vials 


Collect  as  much  of  the  water  from  the  burial 
vials  as  you  can. 

Select  two  bean  plants  of  the  same  size, 
or  plant  two  new  seeds. 

For  about  ten  days  water  one  of  the  plants 
with  burial  vial  water  and  the  other  plant 
with  plain  water.  If  you  don’t  have 
enough  burial  vial  water,  mix  it  with 
plain  water. 

Does  the  water  from  the 
burial  vials  help  or  hurt 
the  plants? 

Show  your  teacher  and  the 
class  what  you  did  and  what 
happened. 


SCIS 


SYNOPSIS 

Children  examine  the  action  of  yeast  on  bananas. 
Children  Infer  that  yeasts  cause  plant  products  to 
decay. 

Suggested  time:  This  activity  requires  one  class 
session  to  set  up,  with  several  opportunities 
for  observation  during  the  following  week. 
Allow  an  additional  class  session  for 
discussion. 

TEACHING  MATERIALS 
For  each  child: 

student  manual  page  28 

For  each  team  of  two  children: 
crayon  * 

Drawer  3 

2  plastic  vials  with  caps 

For  the  class: 


BACKGROUND  INFORMATION 

Yeasts  are  microscopic  in  size  and,  like  molds  and 
bacteria,  are  moved  easily  from  place  to  place  by  air 
currents.  When  yeast  cells  settle  on  fruits,  they  se¬ 
crete  chemicals  that  digest  the  cells  in  the  fruit.  This1 
action  results  in  what  we  call  spoiling,  rotting,  decay-  i 
ing,  or  decomposition.  Yeast  cells  usually  enter  the 
fruit  through  an  opening  in  the  skin.  After  they  have 
reproduced  many  times,  the  colony  will  be  visible.  We 
usually  refer  to  the  resulting  black  or  brown  spot  as 
a  bruise. 

Like  other  decomposers  yeasts  play  an  important 
role  in  the  community  by  digesting  other  organisms 
for  food  and  returning  minerals,  water,  and  gases  to 
the  soil,  water,  and  atmosphere.  Yeasts  produce  al¬ 
cohol  as  a  waste  product,  as  you  may  have  noticed 
from  the  odor. 

ADVANCE  PREPARATION 

Select  ripe  bananas  that  have  no  bruises.  Just  before 
you  begin  this  activity,  cut  two  bananas  into  1-inch 
sections.  Then  cut  each  section  into  eight  pie-shaped 
segments.  Set  up  distribution  stations  for  vials  and 
bananas. 


Community  chart  (from  Chapter  13) 
knife  * 

crayon  or  felt  pen  * 

3  bananas* 
paper  towels  * 
large  container  * 

Drawer  1 

Raw  Materials  label 
Drawer  2 
6  water  sprinklers 

Drawer  3 

1  package  yeast 
1  plastic  bag  (optional) 

*  provided  by  the  teacher 


TEACHING  SUGGESTIONS 


This  activity  is  an  exploratory  and  invention  event  for 
the  concept  of  raw  materials.  Children  also  learn  the 
name  of  a  new  group  of  organisms  (yeasts). 

Review  of  decay.  Review  the  children's  conclusions 
about  molds  and  bacteria  in  the  burial  vials.  Ask  them 


Figure  14-1.  The  best  way  to  cut  a  banana  for  this  activity. 
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whether  these  organisms  caused  decay  or  if  the  plants 
and  animals  were  already  rotten.  Let  students  report 
their  observations  or  offer  hypotheses. 

Display  the  package  of  yeast  and  explain  that  yeasts 
are  tiny  organisms  like  molds  and  bacteria.  Then  hold 
up  a  piece  of  banana  in  a  vial,  explaining  that  the 
children  will  conduct  experiments  to  find  out  how 
yeasts  interact  with  a  plant  part. 

Yeast  experiment.  Have  each  team  of  two  place  a 
piece  of  banana  in  a  vial  and  cap  the  vial  before  the 
yeast  is  distributed.  This  will  prevent  these  pieces  of 
banana  from  becoming  contaminated  with  the  yeast. 
Then  distribute  the  yeast  and  have  the  children 
sprinkle  a  small  amount  (ten  to  twenty  yeast  particles) 
on  a  second  banana  slice,  place  it  in  another  vial,  and 
cap  the  vial.  The  children  should  label  their  vials  with 
a  crayon  or  a  grease  pencil. 

In  order  to  make  the  banana  decomposition  more 
obvious,  prepare  an  experiment  using  an  entire 
banana.  Peel  about  two  strips  of  skin  from  a  banana, 
leaving  one  half  covered.  Lay  the  banana  on  paper 
towels  in  a  glass  jar,  a  box,  or  an  unused  terrarium. 

Carefully  sprinkle  a  very  thin  layer  of  yeast  over  half 
the  exposed  part  of  the  banana;  be  careful  not  to 
sprinkle  yeast  on  the  other  half.  Then  use  a  water 
sprinkler  to  spray  a  few  drops  of  water  over  the  ex¬ 
posed  part  of  the  banana,  so  that  the  half  with  yeast 
receives  the  same  amount  of  water  as  the  half  without 
yeast.  Cover  the  container  with  an  airtight  lid  or  with  a 
elastic  bag. 

Be  sure  that  some  yeast  remains  in  the  packet.  Save 
the  packet  for  later  use. 


Chapter  14 

Date  you  placed  bananas  in  the  vials 


DESCRIBE  THE  BANANA 

WITH  YEAST 

DATE 

DESCRIBE  THE  BANANA 

WITHOUT  YEAST 

Using  student  manual  page  28.  Have  the  children 
record  the  data  on  the  top  of  this  student  manual 
page.  Depending  on  how  ripe  the  bananas  are,  there 
will  be  a  definite  change  in  color  in  the  parts  that  were 


:igure  14-2.  Setup  for  the  yeast  experiment  using  a  whole  banana. 
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sprinkled  with  yeast  in  three  to  five  days.  Three  days 
after  the  banana  slices  have  been  placed  in  the  vials, 
the  children  should  examine  the  vials  and  report  their 
observations  on  the  student  manual  page.  (If  decom¬ 
position  is  not  evident  now,  wait  another  day  or  two 
before  having  a  discussion.) 

Examining  the  vials.  Four  to  six  days  after  the  exper¬ 
iments  were  set  up,  encourage  the  children  to  exam¬ 
ine  and  compare  their  vials  as  well  as  the  whole 
banana  you  prepared.  When  the  children  have  re¬ 
corded  their  individual  findings  in  the  student  man¬ 
ual,  have  them  bring  the  vials  to  a  table  or  desk  for  the 
rest  of  the  class  to  observe  and  discuss.  Ask  them  to 
arrange  the  vials  in  two  groups:  (1)  banana  with  yeast; 
(2)  banana  with  no  yeast. 

To  encourage  class  observation  of  all  vials,  you 
might  ask  some  questions  similar  to  these: 

•  Have  the  bananas  changed  from  the  time  they 
were  put  into  the  vials?  If  so,  how? 

•  What  differences  are  there  between  the  bananas 
with  yeast  and  those  without  yeast? 

•  How  are  the  bananas  with  yeast  changing  in  size 
and  shape? 

•  What  do  you  think  caused  the  bananas  to  change? 
What  is  your  evidence? 

Adding  yeasts  to  the  chart.  At  the  end  of  the  discus¬ 
sion  the  children  may  infer  that  the  yeast  causes  the 
bananas  to  rot  or  decay.  Explain  to  them  that  the 
brown,  watery  banana  is  evidence  that  the  yeast  is 
living  on  the  banana  and  using  it  for  food.  Show  them 
the  yeast  remaining  in  the  packet  so  they  will  realize 


that  without  food  the  yeast  does  not  produce  brown  1 
or  smelly  liquid.  Explain  that  yeasts,  bacteria,  and 
molds  are  very  tiny  organisms  that  do  not  have 
stomachs;  instead  they  secrete  digestive  juices  onto 
the  larger  organisms  they  use  for  food.  That  juice 
makes  the  larger  organism  break  down  into  liquids 
that  can  be  absorbed  by  the  small  organisms.  The 
chemical  breakdown  of  food  materials  is  called  diges¬ 
tion,  whether  the  process  happens  inside  or  outside 
the  organism. 

Write  the  word  yeasts  in  the  far-right  section  of  the 
chart.  Ask  the  children  to  show  you  where  to  add 
arrows  going  toward  yeasts  to  indicate  the  sources  of 
their  food. 

Ask  the  children  if  they  think  the  pieces  of  banana 
with  no  yeast  added  will  ever  decay.  (They  will  show 
mold  growth  soon,  because  mold  was  probably  on 
the  fruit  or  in  the  air  before  the  banana  was  put  into 
the  vials.)  One  way  to  find  out  if  these  pieces  of 
banana  will  decay  is  to  continue  to  observe  them.  If 
any  changes  do  occur  in  the  bananas  on  which  the 
children  put  no  yeast,  ask  what  might  have  caused 
these  changes.  And  if  the  changes  appear  to  have 
been  caused  by  yeast,  where  could  the  yeast  have 
come  from? 

“Inventing”  raw  materials.  After  the  banana  becomes 
quite  decomposed,  tell  the  children  that  after  molds, 
bacteria,  or  yeasts  use  an  organism  for  food  there  is 
little  or  no  food  remaining — only  minerals,  gases, 
and  water.  Introduce  the  term  raw  material  as  being 
anything  that  is  left  over  after  food  is  broken  down  by 
yeasts,  molds,  or  bacteria.  Tape  the  Raw  Materials 


Figure  14-3.  Inventing  the  concept  of  raw  materials  as  the  prod¬ 
ucts  left  after  all  the  food  has  been  consumed  by 
the  decomposers. 


label  beneath  the  Plants  section  and  draw  an  arrow 
leading  from  the  Molds,  Bacteria,  and  Yeasts  section 
to  the  new  label.  Tell  the  children  that  plants  need 
these  raw  materials  to  make  food  and  grow,  and  add  a 
large  arrow  from  Raw  Materials  to  the  Plants  section  of 
the  chart.  At  this  point  the  chart  should  be  similar  to 
the  one  illustrated.  The  children  usually  recognize  the 
cyclic  effect  conveyed  by  the  directions  of  the  arrows. 

Ask  students  to  name  some  of  the  raw  materials  that 
plants  need.  They  will  probably  suggest  soil,  air,  wa¬ 
ter,  and  minerals.  A  few  children  may  subdivide  any 
or  all  of  these  materials  into  their  constituents  (rocks, 
sand,  humus,  hydrogen,  oxygen,  for  instance).  List 
any  of  their  suggestions  in  the  Raw  Materials  section 
on  the  chart.  The  list  may  include  some  overlapping 
terms  such  as  minerals,  rocks,  and  soil.  Fertilizer  pro¬ 
vides  raw  materials — not  food — that  enable  plants  to 
grow. 

OPTIONAL  ACTIVITIES 

Yeasts  in  the  air.  Children  may  not  believe  that  yeasts 
are  always  floating  in  the  air.  Cut  a  banana  in  half, 
peel  one  half,  and  place  both  halves  in  an  open  con¬ 
tainer.  By  what  takes  place  on  the  two  halves  of  the 
banana,  the  children  may  be  able  to  determine  that 
there  are  yeasts  in  the  air. 

Refrigerated  and  nonrefrigerated  food.  Some  chil¬ 
dren  may  suggest  that  molds,  bacteria,  and  yeasts  will 
not  grow  on  refrigerated  foods.  They  can  test  the  ef¬ 
fects  of  temperature  by  placing  foods,  such  as 
bananas,  milk,  or  moist  bread,  in  capped  vials  inside  a 
refrigerator  and  at  room  temperature. 

Raw  materials  in  soil  and  sand.  Your  students  may 
contest  the  importance  of  raw  materials,  because  they 
are  not  visible  or  tangible  when  in  the  form  used  by 
plants.  The  sand  in  the  kit  has  few  raw  materials  while 
the  soil  has  many.  The  children  can  compare  the 
overall  quality  of  plants  grown  in  sand  and  soil.  Dis¬ 
courage  the  children  from  making  comparisons  until 
after  the  cotyledons  have  been  removed  or  have 
dropped  off.  If  the  children  decide  to  use  small  seeds 
instead  of  large  ones,  the  cotyledons  will  be  used  up 
and  differences  will  be  obvious  sooner. 

Cleanup.  The  bananas  should  be  discarded.  All  the 
containers  should  be  washed,  dried,  and  stored. 

[Extending  Your  Experience  cards  1-19  are  now  available 
Ifor  the  children’s  use.  For  materials  needed,  refer  to  the 
[equipment  list  accompanying  the  set  of  cards. 
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OBJECTIVES 

To  use  the  term  reproduction  to  refer  to  the  production  of  offspring. 

To  describe  and  explain  the  path  of  food  and  the  cyclic  path  of  raw  materials  in  a  community. 
To  use  the  term  community  to  refer  to  the  interdependent  populations  in  a  given  area. 

To  identify  the  plants  of  a  community  as  producers,  the  animals  as  consumers,  and  molds, 
bacteria,  and  yeast  as  decomposers. 


BACKGROUND  INFORMATION 


The  word  community  is  used  in  this  unit  to  represent 
the  interdependent  populations  living  in  any  given 
locality.  Social  scientists  describe  a  community  as 
groups  of  human  specialists  (grocers,  doctors, 
teachers,  plumbers,  carpenters)  contributing  to 
group  survival  in  a  given  town  or  city.  The  social  scien¬ 
tists'  community  is  entirely  made  up  of  humans, 
though  they  may  be  very  diverse. 

Biotic  communities,  on  the  other  hand,  are  made 
jp  of  many  different  kinds  of  plant  and  animal  popu- 
ations.  Organisms  do  not  consciously  organize  biotic 
immunities  as  humans  organize  a  town;  rather  a 
immunity  is  organized  by  the  requirements  and  the 


figure  IV-1.  Reproduction  in  one  population  affects  the  food 
supply  for  competing  populations. 


behaviors  of  the  organisms  living  in  it. 

There  is  also  organization  in  a  natural  community, 
but  it  is  imposed  by  availability  and  distribution  of 
food  supplies:  plants  flourish  when  their  growth  re¬ 
quirements  are  met,  and  the  plant-eaters  survive  in 
direct  proportion  to  the  plant  supply.  The  food  made 
by  plants  (producers)  supplies  the  plant-eaters  (con¬ 
sumers);  these  provide  food  for  the  animal-eaters 
(more  consumers) .  Consumers  live  as  food  supply 
and  competition  allow,  while  decomposers  live  on 
dead  organisms  in  the  community. 

The  transfer  of  food  from  one  organism  to  another 
is  the  most  important  relationship  linking  all  the 
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populations  within  a  community.  If  the  water  supply 
in  a  certain  area  is  reduced,  the  effects  of  the  resulting 
decline  in  plants  can  be  observed  throughout  the  en¬ 
tire  community.  The  food  for  the  plant-eaters  will  be 
limited,  and  the  resulting  shortage  of  plant-eaters  will 
decrease  the  food  available  for  the  populations  of 
animal-eaters.  When  some  of  the  organisms  die,  the 
populations  of  decomposers  will  increase  temporar¬ 
ily,  but  soon  even  they  will  decline.  Thus  the  many 
populations  making  up  the  community  food  web  will 
be  affected  by  the  water  shortage  to  plants.  In  a  com¬ 
munity  a  change  in  one  population  affects  most,  if  not 
all,  other  populations. 

Availability  of  food  or  water  may  also  limit  repro¬ 
duction  within  a  population.  As  the  amount  of  repro¬ 
duction  determines  the  population's  size,  the  entire 
community  structure  may  be  indirectly  affected. 

OVERVIEW 

In  Chapter  15,  “Reproduction,”  children  search  their 
terrariums  for  young  animals  resulting  from  repro¬ 
duction  of  adult  isopods,  crickets,  or  mealworms; 
and  they  discuss  the  importance  of  reproduction  in 
the  maintenance  of  populations.  In  Chapter  16,  “Pro¬ 
ducers,  Consumers,  and  Decomposers,”  children  ex¬ 
amine  and  identify  the  arrows  on  the  Community 
chart  as  representing  food  transferred  from  plants  to 
plant-eaters,  to  animal-eaters,  and  to  yeasts,  bacteria, 
and  molds.  The  concept  of  community  is  introduced 
in  Chapter  17,  “Communities  of  Organisms.”  In 
Chapter  18,  “Communities  Game,”  the  Communities 
game  provides  reinforcement  for  the  children's  un¬ 
derstanding  of  the  interrelationships  of  populations 
in  a  community.  In  Chapter  19,  “Humans  in  the 
Community,”  they  discover  that  humans  are  depen¬ 
dent  on  plants  and  animals  for  food  and  are  thus  part 
of  many  communities.  Through  an  experiment  the 
children  discover  that  other  populations  use  human 
foods,  and  after  that  the  concept  of  competitors  is 
“introduced.” 


Reproduction 


SYNOPSIS 


Children  observe  young  crickets,  isopods,  or 
mealworms  in  the  terrariums.  They  discuss 
the  importance  of  reproduction  of 
plant-eaters  in  providing  food  for 
animal-eaters. 

Suggested  time:  one  class  session 


TEACHING  MATERIALS 
For  each  child: 

student  manual  pages  14  and  29 
For  each  team  of  four  children: 

terrarium  (from  previous  chapters) 
Drawer  3 
4  wooden  sticks 


BACKGROUND  INFORMATION 

Organisms  not  only  grow  and  die  but  also  reproduce, 
thus  sustaining  or  increasing  their  populations  with 
new  individuals.  Also,  within  a  community  one  repro¬ 
ducing  population  provides  a  continuous  supply  of 
food  for  others. 

Energy,  in  the  form  of  food,  flows  from  the  plant 
(community  energy  source)  to  the  plant-eater  (com¬ 
munity  energy  receiver).  The  plant-eaters  in  turn  can 
be  energy  sources  for  animal-eaters  and  decompos¬ 
ers.  However,  there  is  a  loss  of  energy  at  each  trans¬ 
fer.  Reproduction,  development,  growth,  escape,  and 
food-finding  all  use  up  energy  from  food.  And  when 
decomposers  return  raw  materials  to  the  environ¬ 
ment,  all  the  food  energy  has  been  used  up.  So  en¬ 
ergy  does  not  cycle  within  communities,  although  it 
does  pass  from  one  organism  to  another. 

Crickets.  Female  crickets  may  frequently  be  seen  lay¬ 
ing  eggs  in  the  moist  soil  of  terrariums.  The  female 
forces  her  ovipositor  into  the  soil  and  deposits  her 
eggs.  It  is  not  necessary  for  mating  to  take  place  prior 
to  each  egg-laying,  because  sperm  are  stored  within 
each  egg-laying  female's  body  for  long  periods  of 
time.  Tiny  crickets  (nymphs),  which  look  like  small 
adults — except  that  they  lack  wings — hatch  from 
eggs  about  twenty  days  after  the  eggs  are  deposited  in 
the  soil. 


Mealworms.  The  mealworm  beetle  begins  its  life  cycle 
as  an  egg  that  hatches  into  a  wormlike  larva.  After  a 
few  weeks  the  larva  becomes  a  pupa,  and  finally  the 
adult  beetle  emerges.  Adult  males  and  females  mate 
soon  afterwards.  The  life  cycle  is  completed  when  the 
females  lay  eggs. 

Isopods.  Following  mating,  a  female  isopod  may  bear 
as  many  as  200  young.  The  female  carries  fertilized 
eggs  in  a  brood  pouch  on  the  posterior  end  of  her 
abdomen,  where  they  hatch.  The  young  emerge  from 
the  brood  pouch  a  few  days  later,  looking  like  tiny, 
pale  replicas  of  adult  isopods. 


TEACHING  SUGGESTIONS 

Both  exploration  and  invention  of  the  concept  of  re¬ 
production  occur  in  this  chapter. 

Observing  young  animals.  When  some  teams  dis¬ 
cover  young  crickets,  isopods,  or  mealworms  in  their 
terrariums,  encourage  others  to  observe  these  ani¬ 
mals.  Then  ask  them  to  examine  their  own  terrariums 
for  similar  organisms.  The  terrariums  will  not  be  used 
for  any  future  activities,  and  so  the  children  can 
search  the  soil  thoroughly  for  evidence  of  young  or¬ 
ganisms,  using  wooden  sticks.  Allow  plenty  of  obser¬ 
vation  time  before  beginning  a  discussion. 


78  /  Part  Four 


Figure  15-1.  Searching  terrarium  soil  for  young  organisms. 


Using  student  manual  page  14.  Encourage  the  chil¬ 
dren  to  draw  or  describe  the  organisms  they  find. 

Animal  life  cycles.  Invite  some  students  to  describe 
their  organisms.  The  children  who  have  studi-ed  the 
SCIIS  Life  Cycles  or  Environments  units  may  recognize 
the  stages  in  the  mealworm  life  cycle.  If  these  stu¬ 
dents  have  found  and  identified  mealworm  larvae, 
pupae,  and  adults,  set  these  out  for  the  others  to  see, 
and  state  that  these  are  three  stages  in  the  life  cycle  of 
a  mealworm.  Remind  the  class  that  the  term  life  cycle 
refers  to  the  sequence  of  changes  occurring  as  an 


organism  develops  from  an  egg  to  an  adult  that  pro¬ 
duces  more  eggs. 

Young  crickets  and  isopods  may  also  be  present  in 
the  terrariums,  as  well  as  the  offspring  of  other  ani¬ 
mals  which  may  have  been  added. 

Reproduction.  Tell  your  students  that  the  production 
of  young  organisms  by  their  parents  is  called  repro¬ 
duction  and  that  the  offspring  are  usually  called  a  new 
generation.  You  might  refer  to  the  children  and  their 
parents  as  two  different  generations. 

Initiate  a  discussion  of  the  importance  of  reproduc¬ 
tion  and  its  relationship  to  food  supply  by  asking 
questions  such  as  these: 

•  What  would  happen  to  a  population  of  crickets  if 
half  the  females  placed  their  eggs  in  dry  soil 
where  the  eggs  wouldn't  hatch? 

•  What  might  happen  to  the  salamander  population 
if  all  the  organisms  salamanders  used  for  food  did 
not  reproduce? 

•  What  would  happen  to  a  cricket,  isopod,  or 
mealworm  population  in  an  area  if  the  salaman¬ 
ders  ate  all  the  adults  they  could  find  and  then 
moved  to  another  area? 

•  What  might  be  the  effect  on  a  community  if  every 
pair  of  adults  had  only  one  child? 

Using  student  manual  page  29.  The  children  will 
probably  become  aware  of  the  relationship  between 
reproduction  and  food  supply  when  they  answer  the 
questions  on  this  page.  As  a  result  of  thinking  about 


Figure  15-2.  Three  stages  in  the  life  cycle  of  a  mealworm  beetle. 
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bur  cats  and  three  thousand  mice  live  together 
a  field.  Each  cat  eats  about  ten  mice  a  day. 
together  the  cats  eat  two  thousand  mice  each  year, 
le  mouse  population  stays  at  about  three  thousand. 


29 


'< tL? 


plain  how  the  mouse  population  is  able  to  survive. 


;  kittens  are  born.  How  do  you  think 
i  might  affect  the  mouse  population? 


uld  the  increase  in  the  cat  population  affect 
I  number  of  seeds  on  which  the  mice  feed?- 


[this  problem,  your  students  may  infer  that  an  increase 
lin  the  cat  population  would  substantially  reduce  the 
Imouse  population,  thus  affecting  the  total  food  sup- 
Iply  of  the  cats.  Encourage  the  children  to  think  about 
■the  pyramid  of  numbers  concept  that  they  dealt  with 
|in  Chapter  12. 

'leanup.  Dismantle  the  terrariums  and  save  the  soil. 
The  children  may  take  remaining  organisms  home,  or 
/ou  can  give  them  to  other  classes.  The  plastic  con¬ 
tainers  should  be  cleaned  with  a  sponge  or  a  soft  rag 
ind  water  so  that  the  plastic  is  not  scratched. 


EXTENDING  YOUR  EXPERIENCE  CARDS 

).  Observing  Egg-Laying.  A  child  selecting  the  card 
/ill  need  to  use  some  planter  cups,  perforated  lids, 
some  soil,  and  a  jar  lid  or  cricket  feeder  in  which  to 
<eep  the  moist  soil. 

M.  An  Animal  Life  Cycle.  Students  selecting  this  card 
pan  divide  a  single  terrarium  into  many  compartments 
for  as  many  animals.  Seeds  or  other  food  must  be 
irovided  for  crickets.  Bran  or  other  cereals  (unsug- 
ired)  are  good  for  mealworms,  and  some  dead  plant 
taterials — especially  old,  partially  rotted  leaves — are 
Excellent  for  isopods. 
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Observing  Egg-Laying 


"\ 


Find  some  female  crickets 

(The  female  has  a  long,  dark  brown  needle  at  the  rear.) 

Provide  them  with  a  dry,  warm  environment  and  add  bran, 
corn,  or  other  seeds  for  them  to  eat. 

Also  add  a  small,  shallow  container— such  as  a 
jar  lid -of  moist  soil. 

The  female  cricket  will  lay  eggs  in  the  moist 
soil,  and  you  will  be  able  to  see  that  happen. 

You  can  also  find  the  eggs. 

How  many  cricket  eggs  are- laid? 

Wait  three  or  four  weeks.  How  many  cricket  nymphs 
(babies)  have  hatched? 

Tell  your  class  what  happens. 


85€iS 


Communities 
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Select  some  of  the  largest  crickets,  mealworms,  or  isopods  from  your  terrarium 
Make  a  record  of  how  many  animals  you  have. 

Set  up  a  life  support  system,  including  food,  the  right  amount 
of  moisture,  and  so  on  for  that  kind  of  animal. 

Keep  the  animals  until  they  reproduce. 

How  many  offspring  (young)  do  the  animals  produce? 


CONCEPT  /  PROCESS  EVALUATION 

If  you  choose  to  evaluate  the  children's  understand¬ 
ing  of  the  effect  of  reproduction  on  a  community  and 
of  the  function  of  decomposers  in  a  community,  turn 
to  page  101  in  the  evaluation  section  at  the  end  of  the 
guide. 


SYNOPSIS 

Children  identify  light  as  a  necessary 

environmental  factor  for  producing  food. 

Children  identify  the  elements  of  the 
Communities  chart. 

Children  predict  the  interactive  effects  of 
reducing  or  removing  each  of  the  various 
populations. 

Suggested  time:  one  class  session,  followed  by 
10-minute  sessions  during  the  next  few  days 
or  week 


TEACHING  MATERIALS 
For  the  class: 

Community  chart  (from  Chapter  14) 
masking  tape  * 
crayon  or  felt  pen  * 

Drawer  1 

Light  label 
3  Food  labels 
Producers  label 
Consumers  label 
Decomposers  label 

provided  by  the  teacher 


ADVANCE  PREPARATION 

Display  the  Community  chart  prominently.  Make 
loops  of  adhesive  tape  (sticky  side  out)  and  attach 
them  to  the  back  of  each  chart  label  to  facilitate  rapid 
attachment  to  the  chart.  Keep  the  labels  out  of  view 
until  you  are  ready  to  use  them. 

TEACHING  SUGGESTIONS 

In  this  chapter  the  concepts  producers,  consumers, 
and  decomposers  are  invented,  and  the  Community 
chart  is  labeled  with  those  terms. 

Adding  light  to  the  chart.  Ask  the  children  if  the 
plants  need  anything  which  has  not  yet  been  listed  on 
the  chart.  They  may  suggest  light;  if  they  do  not,  you 
should  do  so.  Place  the  Light  label  along  the  left  side 
of  the  chart  and  draw  a  large  arrow  from  the  label  to 
the  plant  section.  Explain  that  the  reason  for  this 
label's  position  on  the  side  is  that  light  is  the  only 
source  of  energy  for  plants  and  is  essential  for  photo¬ 
synthesis.  Without  light,  there  would  be  no  plants, 
and  thus  there  would  be  no  food  on  the  earth  after 
the  existing  seeds  and  plants  were  eaten. 

Community  interactions.  To  focus  the  children's  at¬ 
tention  on  the  interdependence  of  the  populations 
represented  on  the  chart,  select  one  plant  or  animal 
population  (grass,  for  example)  and  ask  what  would 
happen  to  the  other  populations  if  this  one  were  re¬ 
moved.  As  you  say  this,  cover  the  word  grass  on  the 
chart.  The  response  will  probably  be  that  (1)  an  animal 
population  will  die  because  there  is  no  food  or  (2)  that 
population  will  have  to  eat  another  kind  of  food. 
Select  other  plant  or  animal  populations  and  ask  the 
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Producers,  Consumers, 
and  Decomposers 


'l 


Figure  16-1.  The  yet-unnamed  Community  chart  with  the  Light 
label  in  place. 
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Figure  16-2.  “What  would  happen  to  the  other  populations  if  you 
removed  the  grass?” 

same  kind  of  question,  permitting  your  students  to 
speculate  about  the  possible  effects  of  removing  any 
population.  As  you  listen  to  their  comments  and 
hypotheses,  you  will  know  whether  they  are  begin¬ 
ning  to  realize  that  each  population  is  dependent 
upon  the  others  for  food. 

Most  children  recognize  that  if  grass  is  removed 
from  the  crickets,  the  crickets  will  be  directly  affected. 
However,  with  a  little  probing  you  will  find  that  some 
students  will  also  realize  that  removing  grass  will  re¬ 
sult  in  a  smaller  population  of  mustard,  radishes,  or 
leaves.  This  is  because  the  missing  food  must  be 
supplied  by  other  populations  if  the  cricket  popula¬ 
tion  is  to  be  maintained. 

Study  the  chart  to  see  some  of  the  interactions  or 
shifts  of  food  sources  that  will  happen  when  only  one 
arganism  is  removed.  This  will  enable  you  to  help  the 
children  come  to  an  understanding  of  the  interde- 
aendence  between  the  organisms.  For  example,  if  a 
salamander  is  removed  or  dies,  then  more  of  the 
sopods,  crickets,  and  mealworms  will  remain  alive 
their  populations  will  increase).  This  will  cause  a  de¬ 
crease  in  the  available  plants.  Eventually  that  decrease 
nay  cause  some  of  the  isopods,  crickets,  or  meal¬ 
worms  to  starve. 

These  collective  interrelationships  are  called  the 
•a/ance  of  nature.  You  may  want  to  introduce  that 
erm,  although  we  do  not  consider  it  as  important  for 
hildren  as  the  understanding  of  the  concepts  of  pro- 
lucers,  consumers,  decomposers  and  the  interrela- 
ionships  between  them.  The  overall  balance  of  na- 
ure  is  not  really  as  delicate  as  most  people  say  it  is  or 
s  life  in  a  terrarium  may  appear  to  be.  In  a  single 
rrarium  "perfect"  population  sizes  of  organisms  as 
rge  as  the  ones  the  children  work  with  are  nearly 


impossible  to  attain,  and  one  population  may  be 
quickly  eliminated.  But  in  larger  communities  "per¬ 
fect"  population  sizes  are  seldom  obtained  either,  yet 
the  populations  persist  because  some  animals  can  go 
hungry;  or  weak  animals  starve  but  stronger  ones  sur¬ 
vive;  or  reduced  fertility  results  from  the  lack  of 
nourishing  food;  or  some  animals  change  their  diet; 
and  so  on.  The  balance  of  nature  is  sensitive  to  all 
changes  in  population;  but  it  is  not  as  delicate  as  a 
crystal  vase  that,  once  chipped  or  cracked,  may  as 
well  be  shattered,  for  it  cannot  be  repaired. 

As  often  as  possible  during  the  next  week  or  two, 
continue  blocking  out  organisms  on  the  Community 
chart  or  other  charts  the  children  may  make,  and  con¬ 
tinue  asking  the  students  to  explain  what  effects  each 
would  have.  This  concept  of  community  interactions 
is  very  important,  yet  it  is  easily  learned  by  such  active 
participation  in  tracing  the  food  relationships  around 
which  most  organism  interactions  revolve. 

Food  transfer.  To  introduce  the  idea  that  the  raw  ma¬ 
terials  in  food  are  transferred  from  one  population  to 
another,  tell  your  students  to  consider  only  the  ar¬ 
rows  on  the  chart  and  ask  them  what  kind  of  pattern 
the  arrows  make.  The  children  may  recognize  that  the 
arrows  form  a  circular  pattern  through  the  plants, 
plant-eaters,  animal-eaters,  molds-bacteria-yeasts, 
and  raw  materials.  Ask  questions  such  as  "Where  are 
the  arrows  from  the  plants  going?"  and  "What  do 
these  arrows  represent?"  When  pupils  understand 
that  the  arrows  represent  food  transfer  from  one  level 
to  the  next,  tape  a  Food  label  across  the  arrows  lead¬ 
ing  from  the  plants  to  the  plant-eaters.  Repeat  the 
same  line  of  questioning,  taping  the  other  two  Food 
labels  across  the  arrows  between  plant-eaters  and 
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Figure  16-4.  Adding  the  Producers  label. 


Figure  16-5.  A  nearly  completed  Community  chart,  with  all 
labels  except  Community  in  place. 


animal-eaters  and  across  all  of  the  arrows  leading  to 
molds,  bacteria,  and  yeasts. 

Block  out  the  Light  label  and  ask  what  would  hap¬ 
pen  if  there  were  none.  You  should  be  able  to  deter¬ 
mine  from  the  students'  answers  how  well  they  un¬ 
derstand  the  importance  of  photosynthesis  to  all  life. 
Finally,  ask  the  children  to  name  the  one  source  of 
food  on  which  all  populations  depend.  From  their  an¬ 
swers  you  will  know  whether  they  realize  that  all  life 
depends  on  food  made  by  plants. 

“Inventing”  producers,  consumers,  decomposers. 

Point  to  the  plant  section  on  the  completed  chart  and 
review  the  idea  that  plants  are  necessary  to  the  ani¬ 
mals  in  a  community  ("Do  salamanders  eat  plants? 
Could  they  live  in  an  area  without  plants?").  Encour¬ 
age  comments  about  how  plants  make  food  for  all 
organisms.  Then  explain  that  plant  populations  in  a 
community  are  called  producers  because  they  make, 
or  produce,  food  for  themselves  and  for  the  entire 
community.  As  you  say  this,  tape  the  Producers  label 
over  or  to  the  side  of  the  plant  section  on  the  Com¬ 
munity  chart. 

Don't  be  surprised  if  some  of  your  pupils  confuse 
the  biological  definition  of  producers  with  any  or¬ 
ganism  that  produces  anything  (such  as  salamanders 
producing  more  salamanders,  or  crickets  producing 
noise).  Confusion  will  be  avoided  later  if  you  help 
them  think  of  producers  as  a  group  of  organisms  that 
make  their  own  food.  Plants  are  the  only  organisms 
that  fit  the  definition. 

Now  tell  the  children  that  all  the  plant-eater  and 
animal-eater  populations  in  a  community  are  called 


consumers  because  they  eat,  or  consume,  the  food 
produced  by  plants.  Then  place  the  Consumers  label 
over  both  the  animal  sections  on  the  chart.  Children 
may  suggest  that  plants  are  consumers  because  they 
consume  water  or  minerals  or  sun.  Explain  to  the  chil¬ 
dren  that  you  will  use  the  term  consumer  to  refer  to 
any  organism  that  gets  its  food  by  eating  another  or¬ 
ganism. 

Review  the  use  of  dead  producers  and  consumers 
as  food  by  molds,  yeasts,  and  bacteria.  Children  may 
suggest  that  molds,  bacteria,  and  yeasts  are  also  con¬ 
sumers  since  they  too  use  plant-made  food.  Explain 
that  these  organisms  do  consume  food;  however, 
they  also  break  down  (decompose)  the  dead  bodies 
until  only  the  raw  materials  are  left.  The  raw  materials, 
which  were  used  for  the  original  food,  are  returned  to 
the  soil,  water,  and  atmosphere  where  they  are  again 
available  for  use  by  plants.  Tell  the  children  that 
molds,  yeasts,  and  bacteria  are  called  decomposers , 
and  tape  the  Decomposers  label  over  the  section 
where  the  names  of  these  populations  are  written. 

OPTIONAL  ACTIVITY 

Food  Web  game.  If  the  children  are  interested,  you 
may  wish  to  have  them  play  the  Food  Web  game 
again.  The  game  will  help  to  reinforce  the  idea  that 
there  must  be  a  plant  population  in  any  area  before 
animals  can  live  there.  After  playing  the  game  they 
may  ask  the  question,  "Why  aren't  there  cards  for 
light  or  decomposers  or  raw  materials?"  These  cards 
are  in  the  Community  game  used  in  Chapter  18. 
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SYNOPSIS 

Children  identify  the  populations  on  the 

Community  chart,  and  the  teacher  introduces 
“community.” 

Children  go  on  a  field  trip  during  which  they  find, 
record,  and  categorize  local  organisms  by 
placing  the  organisms’  names  on  a 
Community  chart. 

Suggested  time:  one  session  in  the  classroom 
and  one  additional  session  for  the  field  trip 

TEACHING  MATERIALS 

For  each  child: 

student  manual  pages  30-32 
pencil  * 

For  the  class: 

Community  chart  (from  Chapter  16) 
masking  tape  * 
crayon  or  felt  pen  * 

Drawer  1 

Community  chart 
Community  label 

*  provided  by  the  teacher 


ADVANCE  PREPARATION 

Select  an  area  near  the  school  for  the  field  trip,  pref¬ 
erably  one  which  is  likely  to  have  a  variety  of  plants 
and  animals.  School  yards  having  only  pigeons,  ants, 
stray  dogs,  and  of  course  children  will  be  adequate, 
but  a  variety  of  organisms  yields  a  chart  more  easily. 
Post  the  Community  chart  from  the  previous  chapter. 

Make  loops  of  tape  and  stick  them  to  the  back  of 
the  Community  label.  Keep  the  label  out  of  view  until 
you  are  ready  to  use  it. 

TEACHING  SUGGESTIONS 

This  activity  is  an  invention  and  a  discovery  in  the 
learning  cycle  for  the  community  concept. 

Review.  Ask  one  or  more  children  to  volunteer  to  de¬ 
scribe  the  events  represented  on  the  chart.  One  stu¬ 
dent  may  describe  the  raw  materials,  light,  and  pro¬ 
ducer  relationships;  another  the  producer-consumer 
relationships;  and  a  third  the  producer  and  consumer 
relationships  with  the  decomposers.  A  fourth  student 
might  summarize  the  entire  chart. 

“Inventing”  community.  Point  to  the  chart  and  ex¬ 
plain  to  the  children  that  plant  and  animal  populations 
living  together,  feeding  on  one  another  (indicate  the 
circular  pattern  of  the  arrows),  and  reproducing  are 
called  a  community.  Then  tape  the  Community  label 
across  the  top  of  the  chart. 

Invite  the  children  to  describe  some  other  com¬ 
munities  with  which  they  are  familiar. 


Figure  17-1.  Completing  the  Community  chart. 
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30  Chapter  17 

Record  the  organisms  you  observed  on  the  field  trip. 
It  you  did  not  see  the  organisms,  give  other  evidence 
for  their  presence. 


\ 
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In  1883,  the  volcano  Krakatoa  erupted.  So  much  ash 
was  sent  up  that  the  sky  became  dark.  Only  half  the 
usual  amount  of  light  reached  some  nearby  communities. 
How  do  you  think  this  decrease  in  light  might  have  affected 
the  populations  of  producers  in  .those  communities? 


How  do  you  think  the  decrease  in  light  might 
have  affected  the  consumers  and  decomposers?. 


Field  trip.  Student  manual  pages  30  and  31.  Tell  your 
students  they  are  going  to  take  a  field  trip  to  look  for 
producers,  consumers,  and  decomposers  in  their 
community.  Define  the  limits  of  the  area  they  will  in¬ 
vestigate.  Invite  the  children  to  list  or  draw  the  or¬ 
ganisms  they  observe  on  page  30  and  to  organize 
them  on  the  Community  chart  on  page  31. 

Because  many  animals  are  active  only  at  night  and 
are  not  easily  seen  during  the  day,  the  students  will 
have  to  search  for  evidence  of  consumers  if  they  can¬ 
not  see  these  animals  in  action.  For  examples,  holes 
in  leaves  may  be  evidence  that  a  leaf-eater  is  nearby, 
and  the  wings  of  a  fly  in  a  spider's  web  may  indicate 
that  the  spider  eats  flies. 

Using  student  manual  page  32.  An  example  of  a 
larger  community  provides  a  chance  for  discovery. 

OPTIONAL  ACTIVITY 

Planning  an  island  community.  Suggest  a  fictional 
situation  in  which  a  family  of  four  decided  to  move  to 
an  island  in  the  ocean  where  they  could  grow  every¬ 
thing  they  needed  for  food.  Assume  that  no  plants  or 
animals  already  inhabit  the  island,  and  there  is  no 
electricity,  but  plenty  of  soil  and  water  are  available. 
Once  they  understand  the  situation,  the  children  can 


Using  the  organisms  listed  on  page  30,  make  a  chart 
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suggest  what  organisms  the  family  should  take  in 
order  to  convert  the  island  into  a  self-sustaining 
community.  You  can  make  this  activity  either  a  short 
class  discussion  or  a  longer  project  in  which  teams  are 
responsible  for  selecting  producers,  consumers,  and 
decomposers. 

EXTENDING  YOUR  EXPERIENCE  CARDS 

22.  A  Human-Centered  Community.  Children  select¬ 
ing  the  card  will  need  a  piece  of  large  chart  paper. 
This  could  easily  be  a  project  for  two  or  three  students 
who  want  to  work  together. 
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A  Human-Centered  Community 


ike  a  blank  chart  similar  to  the  class  Community  chart, 
•ite  humans  in  the  top  section. 

cl  some  other  populations  and  the 
ows  necessary  for  humans. 

Dtato  chips  and  popcorn  are 
:  necessary,  but  you  may  add 
im  as  potatoes  and  corn.) 

ow  the  completed  chart  to 
•  class. 


Human 


lumlies 
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23.  Producers,  Consumers,  and  Groceries.  Children 
selecting  this  card  will  need  access  to  illustrations  of 
food,  such  as  in  grocery  ads  or  food-oriented  maga¬ 
zines.  The  pictures  can  be  mounted  on  index  cards  or 
on  drawing  or  notebook  paper.  The  students  will  get 
some  practice  discriminating  one  kind  of  food  from 
another,  an  appreciation  of  how  many  other  or¬ 
ganisms  we  need  to  survive,  and  a  reason  to  identify 
the  organism  source  of  their  food. 
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Producers,  Consumers,  and  Groceries 


Get  some  pictures  of  various 
human  foods.  Use  grocery 
store  advertisements  from 
newspapers,  homemaking 
magazines,  and  so  forth. 

Cut  out  pictures  of  foods  and 
identify  the  organisms  from 
which  those  foods  are  made. 

Paste  each  picture  on  an  index 
card  with  the  name  of  the 
organism  under  the  picture. 


cow 


wheat 


lettuce" 


tomato ' 


mustard  plant 


yeast 


pickle  plant 


Sort  these  cards  into  producers,  consumers,  and  decomposers. 

Some  foods  will  give  you  trouble.  For  example,  bread  is 
made  from  the  organism  wheat,  but  yeast  is  used  to  puff  up 
the  dough.  Wheat  is  a  producer,  and  yeast  is  a  decomposer 
that  eats  some  of  the  bread  before  you  do. 
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SCIS 


Communities  Game 

ADVANCE  PREPARATION 


SYNOPSIS 


Set  out  all  eight  card  decks  and  provide  a  pencil  and 
paper  for  each  team. 


Children  apply  their  understanding  of  the  major 
concepts  in  this  unit  by  playing  a  game  which 
introduces  them  to  forest,  prairie,  pond,  and 
desert  communities. 

Suggested  time:  two  sessions  or  more 

TEACHING  MATERIALS 

For  each  child: 


TEACHING  SUGGESTIONS 

This  activity  constitutes  the  discovery  phase  of  the 
learning  cycle  for  the  community  concept.  The  chil¬ 
dren  discover  communities  other  than  the  one  with 
which  they  have  been  working,  communities  contain¬ 
ing  different  organisms;  and  they  learn  that  no  matter 
what  the  community,  the  organisms  in  it  can  be 
grouped  into  producers,  consumers,  and  decompos¬ 
ers.  They  also  learn  that  all  communities  need  light 
and  raw  materials. 


student  manual  pages  33-37 

For  each  team  of  four  children: 

paper  * 
pencil  * 

Drawer  1 

1  deck  of  Communities  Game  cards 
(Desert,  Prairie,  Forest,  or  Pond) 
1  Communities  Game  direction  sheet 

*  provided  by  the  teacher 


Using  student  manual  pages  33-36.  Distribute  the 
decks  to  teams  of  four  children  and  ask  the  students 
to  find  the  matching  community  diagram  on  one  of 
the  four  student  manual  pages.  Distribute  a  copy  of 
the  rules  to  each  team  so  they  may  refer  to  the  rules  as 
you  explain  them. 

The  Communities  game.  Teams  of  three,  four,  or  five 
may  play.  Each  team  plays  with  one  deck  until  a  team 
accumulates  a  predetermined  number  of  points  (such 
as  20,  30,  or  40).  If  you  prefer  to  stop  the  game  at  a 
particular  time,  the  player  having  the  most  points  will 
be  the  winner.  Circulate  the  decks  between  games  so 
that  each  team  plays  with  all  four  decks. 

Explaining  the  game.  Before  distributing  the  card 
decks  remind  the  children  that  a  game  consists  of  a 
series  of  rounds,  the  object  of  each  round  being  to 


Figure  18-1.  Rules  for  the  Community  game. 


Communities  Game  Directions 


Object  of  the  Game: 

To  lorm  a  complete  community,  and  to  play  as  many  cards  as 
possible  before  anyone  goes  out 

Getting  Started: 

1.  On  student  manual  pages  33-36,  find  the  community  diagram 
that  matches  your  deck  of  cards  Look  at  the  diagram  as  often 
as  needed  while  you  play  the  game 

2.  Select  a  dealer  for  the  first  round  and  a  scorer 

3.  The  dealer  shuffles  the  cards  and  deals  5  cards  face  down  to 
each  player,  including  herself  She  places  the  leftover  cards 
face  down  in  the  center  of  the  playing  area 

Playing  the  Card*: 

1.  The  player  on  the  dealer's  left  looks  at  his  hand  and  draws  the 
top  card  from  the  deck 

2.  If  the  player  has  cards  for  both  a  plant  and  for  a  plant-eater  that 
eats  the  plant,  he  may  place  those  two  cards,  and  any  other 
cards  lifting  next  to  them  lace  up  in  front  of  him  This  starts  his 
food  chain. 

3.  No  player  can  play  more  than  one  card  of  each  kind  during 
each  turn. 

4.  After  a  card  has  been  played,  it  must  stay  on  the  table  unless 
the  player  made  an  error 

5.  The  player  may  discard  one  card  at  the  end  of  his  turn  or  keep 
all  his  cards  Discards  are  placed  face  up  next  to  the  deck 

6.  After  playing  and  discarding,  the  player  says,  I'm  through 

7.  The  next  player  may  draw  a  new  card  from  the  deck  or  the 
discard  stack,  or  may  pick  up  the  entire  discard  stack 

8.  The  player  plays  if  possible,  starting  a  food  chain  of 
her  own, 

9.  As  play  continues,  the  players  add  cards  to  either  end  of  the 
food  chains  they  have  started  Each  card  must  connect  to  that 


- - 

chain  according  to  the  community  diagram  Once  the  twoo 
chain  has  been  started,  only  one  card  may  be  added  dunnl 
each  turn. 

10.  It  the  deck  is  used  up,  the  player  turns  over  the 
discard  stack 

11.  Each  player  tnes  to  build  a  complete  community  That  mus 
include 

at  least  one  food  web 

one  Light"  card 

one  Raw  Materials  card 

one  Molds.  Bacteria,  and  Yeasts"  card 

Going  Out: 

1.  The  round  ends  when  a  player  completes  at  least  a  small 
community  and  says,  "I'm  out " 

2.  The  other  players  check  to  see  that  all  his  cards  were  pla/e 
correctly  and  that  he  has  a  complete  community 

Scoring: 

1.  Each  player  adds  up  his  score 

2.  Each  card  on  the  table  is  worth  2  points  Do  not  count 
unplayed  cards 

3.  The  player  who  went  out  gets  3  extra  points 

4.  The  scorer  records  the  scores  for  the  first  round 

Starting  a  New  Round: 

The  player  on  the  dealer  s  left  becomes  the  dealer  tor  the 
next  round. 

Variation: 

Subtract  2  points  for  each  card  still  in  a  player's  hand  when 
another  player  goes  out 
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Figure  18-2.  The  minimum  number  of  Desert  cards  needed  fora 
player  to  go  out. 


collect  and  play  a  set  of  population  cards  in  order  to 
form  a  community.  The  hands  are  scored  after  each 
round.  At  the  end  of  a  set  number  of  rounds  or  a 
predetermined  score,  the  player  with  the  most  points 
wins. 

Tell  the  class  that  this  game  is  nearly  identical  to  the 
Food  Web  game  played  earlier.  A  food  chain  must 
exist  before  any  cards  can  be  placed  on  the  playing 
area.  However,  to  make  a  community  and  go  out,  a 
child  must  add  enough  cards  to  form  a  four-card  food 
web,  as  well  as  one  Light,  one  Raw  Materials,  and  one 
Molds-Bacteria-Yeasts  card.  (The  minimum  number  of 
cards  played  will  be  seven.)  More  points  may  be 
earned  if  the  food  web  is  enlarged. 

Rules.  These  are  the  directions: 

1.  Each  team  selects  a  dealer  for  the  first  round. 
(For  the  next  round  of  play  the  person  to  the 
dealer's  left  becomes  dealer.) 

2.  The  dealer  shuffles  the  cards  and  deals  five  cards 


face  down  to  each  of  the  other  players  as  well  as 
to  himself.  He  places  the  remaining  cards  face 
down  in  the  center  of  the  playing  area. 

3.  The  player  to  the  left  of  the  dealer  draws  the  top 

card  from  the  deck  and  compares  her  six  cards 
with  the  game  diagram.  If  she  has  cards  that  rep¬ 
resent  one  or  more  complete  food  chains  as 
shown  on  the  diagram  (such  as  sage  — ►  grass¬ 
hoppers  - ►  lizards,  for  Desert  Community; 

corn - ►  humans,  for  Prairie  Community),  she 

places  these  face  up  on  the  playing  area  in  front 
of  her.  No  player  may  play  more  than  one  card 
for  each  kind  of  population.  (After  a  card  has 
been  placed^on  the  table,  it  may  not  be  picked 
up  unless  there  is  an  error.) 

4.  At  the  end  of  her  turn  the  player  either  holds  the 
remaining  cards  in  her  hand  or  discards  one  card 
by  placing  it  face  up  next  to  the  deck.  She  then 
tells  the  person  to  her  left  that  she  is  finished. 

5.  The  next  player  draws  a  card  and  plays  if  he  can. 
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Owls 


Lizard* 


Rozdranners 


igure  18-3.  The  largest  Desert  community  possible. 


(A  player  may  draw  the  top  card  from  the  deck, 
the  top  card  from  the  discard  pile,  or  the  entire 
discard  pile.) 

6.  Play  continues  as  each  of  the  children  add  popu¬ 
lation  cards  to  the  cards  on  their  individual  play¬ 
ing  areas.  Every  time  a  card  is  added,  it  must 
connect  with  a  food  chain.  (In  the  Desert  Com¬ 
munity,  for  example,  a  child  who  has  put  down 
sage,  grasshoppers,  and  lizards  may  add  any  or 
all  of  roadrunners,  desert  rats,  and  owls  to  form 
a  food  web.  The  addition  of  these  populations  is 
permissible  because  there  is  a  food  supply  for 
each  animal.) 

7.  The  round  of  play  ends  when  one  child  has  a 
community  (at  least  one  food  web  and  a  Light 
card,  Raw  Materials  card,  and  Molds-Bacteria- 
Yeasts  card)  on  the  playing  area  and  no  other 
cards  remaining  in  his  hand.  He  then  says,  "I'm 
out."  The  other  players  can  check  his  cards  to 
see  that  every  card  was  played  correctly. 


8.  Each  child's  score  is  calculated  and  recorded. 
Then  the  next  round  can  begin. 

Scoring.  For  each  card  played,  a  child  receives  two 
points.  Unplayed  cards  are  not  counted.  The  player 
who  goes  out  gets  three  additional  points.  One  child 
on  each  team  should  record  the  scores. 

Using  student  manual  page  37.  Encourage  the  stu¬ 
dents  to  solve  the  problem  on  this  page.  By  their  solu¬ 
tions  you  will  know  how  well  they  understand  food 
webs  and  the  food  relationships  among  populations 
in  the  Forest  Community,  page  35. 

OPTIONAL  ACTIVITIES 

Local  community  game.  Your  students  may  want  to 
construct  a  set  of  cards  for  a  local  community  game, 
using  the  organisms  they  recorded  on  their  field  trip 
(student  manual  page  30).  If  the  names  of  the  or- 
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A  zoo  keeper  plans  to  add  a  forest  section  to  a  zoo 
She  will  use  the  populations  shown  on  page  35.  She 
wants  to  use  as  few  fences  as  possible.  On  the 
other  hand,  she  does  not  want  the  animals  to  eat 
each  other.  How  might  she  arrange  the  populations? 

Draw  a  diagram. 


ganisms  are  unknown,  sketches  or  short  descriptions 
could  be  substituted.  The  children  may  want  to  do 
research  on  some  of  the  food  relationships  among 
these  organisms. 

Mural  or  display.  Children  may  be  interested  in  mak¬ 
ing  a  display  or  mural  of  a  very  large  community  or 
combination  of  communities,  perhaps  using  some  of 
the  food  relationships  shown  on  the  various  commu¬ 
nity  diagrams.  If  the  children  have  had  the  SCI  IS  Envi¬ 
ronments  unit,  encourage  them  to  include  the  en¬ 
vironmental  factors  that  would  affect  the  organisms. 


ag 


Humans  in  the  Community 


SYNOPSIS 

Children  construct  a  food  web  with  humans  as 
the  central  population. 

Children  go  on  a  short  field  trip  to  determine  what 
human  foods  are  also  eaten  by  other  animals. 

Suggested  time:  two  class  sessions 

TEACHING  MATERIALS 
For  each  child: 

student  manual  pages  38-40 

For  the  class: 

crayons  or  felt  pens  (1  green,  1  black)  * 
human  foods  (listed  on  page  92)  * 

Drawer  1 

Community  chart 

*  provided  by  the  teacher 


BACKGROUND  INFORMATION 

Early  humans  found  themselves  in  need  of  certain  or¬ 
ganisms  and  in  direct  competition  with  others.  They 
also  realized  that  in  order  to  grow  plant-eaters,  they 
had  to  plant  and  grow  various  plants  (producers)  to 
feed  these  consumers. 

Humans  must  have  year-round  sources  of  food.  To 
guarantee  a  continuous  food  supply,  early  humans 
planted  crops  and  raised  plant-eaters,  such  as  cattle, 
pigs,  sheep,  and  chickens.  But  they  discovered  that  a 
vast  variety  of  other  organisms  interfered  with  their 
activities.  Some  ate  their  food;  others  contaminated 
their  water  and  crowded  them. 

Many  organisms  find  life  easier  near  human  activity 
and  thrive  in  communities  that  include  humans.  Such 
organisms  are  successful  competitors  because  hu¬ 
mans  concentrate  and  maintain  foods  by  growing  a 
single  crop  in  one  field,  storing  large  quantities  of 
food,  and  establishing  central  garbage  areas.  This  en¬ 
ables  our  competitors  to  establish  large  populations 
because  of  abundant  food  and  a  stable  environment. 

Organisms  that  compete  with  us  for  food  and  shel¬ 
ter  or  that  threaten  human  health  are  considered 
harmful.  Among  these  are  rats,  mice,  roaches,  flies, 
lice,  and  ticks.  Other  “camp  followers''  are  tolerated 
by  us:  house  sparrows,  pigeons,  and  squirrels  eat  the 
variety  of  foods  and  live  in  the  places  that  exist  be¬ 
cause  of  our  presence,  but  they  are  seldom  threaten¬ 
ing  to  us. 

ADVANCE  PREPARATION 

Select  an  area  on  or  near  the  school  grounds  where 
your  students  may  set  out  sample  foods  (see  “Field 
trip,"  page  92).  Post  the  blank  Community  chart 
where  you  can  easily  write  on  it  and  the  children  can 
see  it. 


TEACHING  SUGGESTIONS 

This  activity  is  a  discovery  experience  in  the  learning 
cycle  for  the  community  concept,  and  an  invention  of 
competitors. 

Constructing  a  food  web.  Using  a  black  felt  pen  or  a 
crayon,  place  the  word  humans  in  the  animal-eater 
section  of  the  Community  chart.  (For  the  purposes  of 
this  unit  humans  are  placed  in  the  animal-eater  cate¬ 
gory  even  though  we  are  also  plant-eaters.)  Suggest 
that  the  students  first  construct  a  food  web  by  build¬ 
ing  food  chains  leading  only  to  humans.  Each  food 
chain  should  contain  at  least  a  plant  and  the  popula¬ 
tion  that  eats  the  plant. 

Ask  the  children  what  organisms  or  organism  prod¬ 
ucts  (jelly,  milk,  crackers)  humans  eat;  you  or  the 
children  can  place  these  on  the  chart.  As  the  children 
list  the  organisms  or  products  eaten  by  humans  and 
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Figure  19-1.  Beginning  the  food  web  with  humans. 


Figure  19-2.  An  incomplete  community  food  web,  focused  or 
humans. 


the  foods  for  those  populations,  they  should  add  ar¬ 
rows  to  indicate  the  direction  of  the  food  transfer. 

If  the  students  have  not  yet  suggested  adding  de¬ 
composers,  ask  them  if  there  would  be  any  in  this 
community.  Encourage  them  to  add  decomposers  and 
arrows  from  whatever  they  think  will  be  decayed.  An 
interesting  discussion  may  arise  when  an  arrow  is 
drawn  from  humans  to  the  decomposer  section. 

When  the  decomposers  have  been  added  and  the 
arrows  drawn,  ask  if  the  community  diagram  is  com¬ 
plete.  The  children  will  probably  suggest  adding  light 
and  raw  materials  as  well  as  adding  arrows  connecting 
these  labels  to  other  sections  of  the  chart.  This  infor¬ 
mation  will  provide  you  with  feedback  on  their  under¬ 
standing  of  the  cyclic  nature  of  food  and  raw  materials 
in  the  community. 

Discussion.  Ask  the  class  if  the  chart  shows  any  popu¬ 
lations  that  humans  control  to  guarantee  their  own 
survival.  Explain  that  control  in  this  context  means 
humans  try  either  to  increase  desired  populations  or 
to  decrease  populations  they  don't  want.  Wheat, 
corn,  and  cattle  are  probably  part  of  the  web;  these 
represent  populations  that  humans  grow  in  large 
numbers.  Have  the  children  circle  (or  tell  you  to  cir¬ 
cle)  the  populations  that  are  deliberately  controlled 
by  humans.  Most  of  the  populations  that  serve  as 
human  food  or  as  animal  fodder  will  be  circled,  while 
those  that  are  food  for  other  populations  will  not. 
Encourage  the  students  to  consider  the  fact  that  hu¬ 
mans,  in  the  process  of  maintaining  their  own  food 
supply,  influence  many  other  organisms. 


Figure  19-3.  Circling  the  populations  controlled  by  humans. 


Field  trip.  Tell  the  students  they  may  plan  two  short 
field  trips,  during  which  they  will  place  some  of  our 
foods — pieces  of  bread,  potato,  apple,  orange,  let¬ 
tuce,  raw  meat,  and  boneless  fried  chicken — near 
the  school  to  see  whether  other  populations  eat  these 
foods.  (There  are  many  other  ways  in  which  humans 
influence  organisms,  but  we  think  it  is  best  to  concen¬ 
trate  on  the  food  relationships  during  this  trip.) 

Let  the  children  meet  in  teams  to  plan  what  foods 
they  will  bring.  Limit  the  size  and  number  of  food 
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ist  the  foods  that  you  set  out. 


What  animals  ate  the  foods? 
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Figure  19-4.  Adding  competitors  with  a  green  felt  pen. 


samples  so  the  area  to  be  visited  does  not  become  a 
garbage  dump.  On  the  day  the  food  samples  are 
brought,  the  children  should  place  them  anywhere  in 
the  area  you  have  selected.  In  the  warm  months  the 
foods  will  attract  organisms  within  hours,  and  so  the 
children  may  discover  by  the  end  of  the  school  day 
that  some  foods  are  missing  or  covered  with  insects. 

Within  a  day  or  two  the  class  should  revisit  the  area 
where  the  foods  were  placed  and  oberve  any  changes 
that  may  have  occurred.  Have  the  pupils  share  their 
discoveries  as  they  find  evidence  that  other  organisms 
use  human  food.  Encourage  them  to  discuss  how  the 
food  provided  by  us  may  help  the  populations  that  are 
able  to  use  it. 

Using  student  manual  page  38.  Have  the  children 
record  their  results  on  this  page. 

“Inventing”  competitors.  Upon  returning  to  the 
classroom  ask  the  children  if  they  think  other  or¬ 
ganisms  use  some  of  the  same  foods  that  we  do.  You 
can  expand  on  this  idea  by  asking  them  to  name  some 
organisms  they  discovered  or  know  of  that  eat  our 
food.  Some  examples  include  insects  eating  grain, 
fruits,  and  vegetables;  birds  eating  nuts  and  fruits; 
molds,  yeasts,  and  bacteria  attacking  meats,  cheeses, 
and  fruits. 


As  the  children  name  organisms  that  eat  the  same 
foods  that  humans  do,  write  these  and  the  arrows  from 
the  foods  on  the  Community  chart,  using  the  green  felt 
pen  or  crayon. 

Tell  the  children  that  organisms  or  populations  liv¬ 
ing  in  the  same  area  and  using  the  same  foods,  raw 
materials,  space,  and  light  are  called  competitors. 

Invite  the  children  to  discuss  whether  humans 
should  try  to  eliminate  all  competitors  in  the  commu¬ 
nity  so  that  humans  could  have  easier  lives.  You  might 
ask  questions  concerning  humans'  competition  with 
other  organisms  for  food,  such  as  "What  might  hap¬ 
pen  if  humans  eliminated  all  the  birds  that  eat  wheat, 
corn,  berries,  and  nuts?”  or  "What  other  populations 
might  be  affected  if  humans  eliminated  all  animal 
populations  that  eat  the  same  animals  that  humans 
do?” 

Have  the  students  suggest  evidence  of  competition 
between  humans  and  other  organisms  for  things 
other  than  food.  Their  examples  might  include  some 
of  the  following: 

Raw  Materials  Weeds  use  up  raw  materials  neces¬ 
sary  for  the  growth  of  crops;  hu¬ 
mans  introduce  other  materials 
that  destroy  plants. 

Water  Flesh-eating  animals  or  fast¬ 
growing  plants  occupy  a  body  of 
water,  preventing  humans  from 
using  it;  humans  dam  a  river,  pre¬ 
venting  periodic  flooding  that 
brings  new  raw  materials  to  the 
flooded  area. 
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Humans  now  live  in  a  world  community.  Americans  eat  oranges 
from  California  and  beef  from  Kansas,  and  they  drink  coffee 
from  Brazil.  Add  to  this  list  of  organisms  used  for  food.  Use  organisms 
from  as  many  different  places  as  you  can. 


ORGANISM 


Cattle 


Kansas 


FROM 


Corn 

Coffee  plant 
Orange  trees 


Kansas 

Brazil 

California 
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Light  Large  trees  prevent  sunlight  from 
reaching  crops;  humans  introduce 
materials  into  the  air,  limiting  the 
amount  of  light  reaching  plants. 

Space  Undesirable  plants  grow  in  living 
and  farming  areas;  humans  clear 
them  out,  destroying  the  food  for 
insects  and  birds. 

Using  student  manual  pages  39  and  40.  Analyzing 
the  problem  on  these  pages  can  help  the  children 
understand  that  communities  including  humans  may 
be  large  indeed.  You  might  want  to  combine  this  activ¬ 
ity  with  a  lesson  in  geography  or  social  studies. 

Extending  Your  Experience  cards  1-23  are  now  available 
for  the  children’s  use.  For  materials  needed,  refer  to  the 
equipment  list  accompanying  the  set  of  cards. 

CONCEPT  /  PROCESS  EVALUATION 

If  you  choose  to  evaluate  the  children's  understand¬ 
ing  of  competitors  and  of  a  biological  community, 
turn  to  page  102  in  the  evaluation  section  at  the  end  of 
the  guide. 


SCIIS  bears  upon  many  aspects  of  each  child's  growth 
and  learning,  and  evaluation  may  therefore  take  a 
variety  of  forms.  We  believe  the  most  significant 
evaluation  should  occur  informally,  while  the  regular 
classroom  activities  are  going  on  and  you  can  observe 
each  child's  attitudes,  skills,  and  performance,  rather 
than  in  formal  "test"  situations.  Test  scores  alone  are 
not  appropriate  to  describe  attitudes,  and  they  often 
are  inadequate  measures  of  children's  skills  or  under¬ 
standing  of  science  concepts.  For  these  reasons  we 
have  provided  three  kinds  of  evaluation  activities: 

A.  CONCEPT  /  PROCESS  EVALUATION 

Activity  1.  Cotyledons  and  Photosynthesis 
Activity  2.  Relative  Population  Sizes 
Activity  3.  Plants  in  a  Food  Web 
Activity  4.  Decomposers 
Activity  5.  Communities 

B.  ATTITUDES  IN  SCIENCE 

Curiosity 
Inventiveness 
Critical  Thinking 
Persistence 

C.  PERCEPTION  OF  THE  CLASSROOM  ENVIRONMENT 
Our  Science  Class 

An  important  feature  of  the  evaluation  materials  is 
that  they  can  help  you  identify  problem  areas  and 
■  plan  more  effective  teaching  of  subsequent  parts  of 
Ithe  unit.  In  concept/process  evaluation,  the  "Follow- 
jup"  section  at  the  end  of  each  activity  provides 
■specific  suggestions  for  remedying  weaknesses  in 
Istudent  understanding.  The  materials  for  assessing 
■children's  attitudes  and  their  perception  of  the  class- 
Iroom  environment  contain  suggestions  that  can  help 
lyou  improve  your  teaching  effectiveness  as  well  as  the 
■attitudes  and  performance  of  students.  We  hope  you 
land  your  students  find  these  activities  both  enjoyable 
land  beneficial. 

IConcept  /  Process 
Evaluation 

The  activities  in  this  section  are  designed  to  help  you 
avaluate  children's  ability  to  identify  and  describe  the 
najor  science  concepts  and  processes  of  the  unit.  As 


explained  in  the  unit  "Overview"  on  page  1,  these 
major  concepts  and  processes  are: 


pyramid  of  numbers 
photosynthesis 
food  transfer 
raw  materials 
community 


producers 

consumers 

decomposers 

competitors 

reproduction 


In  addition,  certain  secondary  concepts  and  pro¬ 
cesses  are  introduced  to  help  the  children  deal  with 
their  observations.  These  are:  cotyledon,  embryo, 
generation. 

Objectives  indicating  the  concepts  and  processes 
emphasized  are  listed  at  the  beginning  of  each  Part  in 
the  Teacher's  Guide.  Children's  understanding  and 
mastery  of  most  concepts  and  processes  can  be  eval¬ 
uated  informally  as  the  class  works  through  regular 
activities.  It  is  worthwhile  to  evaluate  children  more 
than  once  during  the  unit,  because  individuals  will 
achieve  desired  levels  of  competence  at  different 
times. 

All  of  the  concept/process  evaluation  activities  can 
be  carried  out  with  individuals  or  small  groups.  Thus, 
you  can  use  an  activity  to  evaluate  just  the  children  for 
whom  you  are  lacking  notes  or  observations.  Some 
activities  also  lend  themselves  to  use  with  the  whole 
class;  this  is  indicated  where  appropriate. 

The  activities  in  this  section  provide  you  with  ways 
to  evaluate  children's  understanding  of  major  con¬ 
cepts  and  processes  presented  in  this  unit.  Some  of 
the  activities  will  also  provide  information  about  un¬ 
derstanding  of  concepts  and  processes  that  are  of 
secondary  importance  in  this  unit  or  that  were  intro¬ 
duced  in  earlier  units. 

Keeping  records.  One  side  of  the  Class  Profile  sheet 
(Evaluation  Materials  envelope,  drawer  1)  provides 
space  to  record  results  of  each  child's  work  in  each 
activity.  In  evaluating  children's  progress  we  have 
found  it  most  useful  to  distinguish  three  levels  of  un¬ 
derstanding.  These  levels,  and  symbols  convenient 
for  recording  them,  are: 


O  Needs  special  assistance 
(gr  Check  again 
•  Satisfactory 


The  symbols  have  the  advantage  of  being  changed 
easily  after  a  child  gives  evidence  of  progress.  In  addi¬ 
tion  to  the  symbol,  you  may  add  brief  comments  in 
the  "Notes"  column. 
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EVALUATION 

ACTIVITY 

1  Cotyledons  and 
Photosynthesis 


SYNOPSIS 

This  activity  examines  the  students’ 

understanding  of  the  function  of  cotyledons 
and  of  photosynthesis. 

Administer:  to  the  entire  class  after  Part  One 

Suggested  time:  15  minutes 

EVALUATION  MATERIALS 
For  each  child: 

1  copy  of  Bean  Plants  answer  page* 

For  the  class: 

Drawer  1 

Bean  Plants  spirit  master 

*  provided  by  the  teacher 


ADVANCE  PREPARATION 

Duplicate  enough  Bean  Plants  answer  pages  for  the 
class. 

EVALUATION  SUGGESTIONS 

Distribute  the  answer  pages  and  remind  your  pupils 
of  the  cotyledon  experiment  using  bean  plants  in  light 
and  dark.  Tell  them  the  answer-page  picture  shows 
two  young  bean  plants  that  have  grown  in  the  dark. 
Read  the  text  aloud  while  the  children  follow  along  on 
their  papers.  Then  ask  them  to  complete  the  activ¬ 
ity  as  you  walk  among  them  to  answer  procedural 
questions. 

Criteria.  Appropriate  answers  to  the  questions  are  as 
follows: 

1.  The  cotyledons  are  the  two  objects  on  the  left 
side  of  the  stem  of  plant  A. 

2.  Plant  A  should  show  much  greater  growth  be¬ 
cause  it  has  a  food  source  (cotyledons);  plant  B 
has  no  food  source  because  photosynthesis  can¬ 
not  occur  in  the  dark. 


3.  Both  plants  should  grow  because  they  can  obtairl 
food  through  photosynthesis;  plant  A  may  grow 
somewhat  faster. 

4.  It  came  from  photosynthesis  carried  out  by  the 
plant  that  produced  the  seed. 

Students  who  correctly  answered  the  questions? 
have  a  good  understanding.  Students  who  answered 
two  or  three  of  the  questions  correctly  have  a  fair) 
understanding,  while  those  who  answered  one  or 
none  give  evidence  that  they  do  not  understand  the 
concepts. 

Foliow-up.  Arrange  for  individual  interviews  with: 
children  who  had  great  difficulty  on  this  activity,  so 
that  you  may  help  them  understand  the  food  source 
of  plants.  Encourage  them  to  explain  their  answers 
orally  and  direct  their  attention  to  the  class  graphs 
from  Chapter  4.  You  might  also  suggest  that  they  re¬ 
peat  the  experiment  described  in  Chapter  4.  Discuss 
the  progress  of  this  experiment  regularly  and  help 
them  plot  the  appropriate  graphs. 


Figure  E-1.  The  Bean  Plants  spirit  master. 


Evaluating  Your  Students  /  99 


EVALUATION 

ACTIVITY 

2  Relative  Population  Sizes 

SYNOPSIS 

In  this  activity  students  demonstrate  their 

understanding  (1)  that  a  population  must  be 
larger  than  any  population  that  eats  it,  and  (2) 
of  the  effect  of  adding  a  new  animal-eating 
population  on  the  other  populations  in  an 
established  community. 

Administer:  to  the  entire  class  after  Chapter  11 

Suggested  time:  10  minutes 

EVALUATION  MATERIALS 
For  each  child: 

1  copy  of  Population  Size  answer 
page* 

For  the  class: 

Drawer  1 

Population  Size  spirit  master 

*  provided  by  the  teacher 

w 

ADVANCE  PREPARATION 

Duplicate  one  copy  of  the  Population  Size  answer 
page  for  each  student. 

EVALUATION  SUGGESTIONS 

Distribute  the  answer  pages.  Tell  the  children  that  the 
pictures  marked  A,  B,  and  C  illustrate  three  different 
populations  of  crickets  that  might  live  in  the  grass 
around  the  pond  containing  a  population  of  four  adult 
frogs.  Read  the  questions  to  the  children  and  explain 
that  chameleons  do  not  eat  frogs  and  that  frogs  do  not 
eat  chameleons.  Ask  the  children  to  complete  the  an¬ 
swer  page;  help  any  individuals  who  have  difficulty 
interpreting  the  questions. 

Criteria.  Satisfactory  answers  to  the  questions  are  as 
follows: 

1.  C. 

2.  Populations  A  and  B  are  too  small  to  support  a 


frog  population  of  four.  (Some  children  may  say 
that  even  population  C  is  not  large  enough.) 

3.  The  frog  population  might  feed  on  something 
else,  starve,  or  leave  the  pond.  The  cricket  popu¬ 
lation  probably  would  be  reduced  in  number, 
leave  the  area,  or  even  be  wiped  out  entirely;  it 
would  not  be  large  enough  to  support  both  the 
frog  and  chameleon  populations. 

Children  who  responded  correctly  to  the  questions 
show  a  good  understanding  of  population  size  and 
feeding  relationships  in  a  community.  Children  who 
answered  only  two  questions  show  a  partial  under¬ 
standing,  while  those  who  answered  none  need 
further  help. 

Follow-up.  Talk  individually  with  children  who  indi¬ 
cated  a  lack  of  understanding.  Review  with  them  the 
class  data  collected  in  Chapters  10  and  11,  paying  spe¬ 
cial  attention  to  the  charts  showing  the  numbers  of 
seeds  and  crickets  needed  to  support  one  salaman¬ 
der.  Ask  them  how  many  crickets  would  be  needed  to 
support  two  salamanders,  three  salamanders,  etc. 


Figure  E-2.  The  Population  Size  spirit  master. 
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EVALUATION 

ACTIVITY 

3  Plants  in  a  Food  Web 


SYNOPSIS 

In  this  activity  you  determine  the  students’ 

understanding  of  the  importance  of  plants  in 
a  food  web. 

Administer:  to  the  entire  class  after  Chapter  12 
Suggested  time:  10  minutes 

EVALUATION  MATERIALS 
For  each  child: 

1  Cave-Living  Animals  answer  page  * 

For  the  class: 

Drawer  1 

Cave-Living  Animals  spirit  master 

*  provided  by  the  teacher 


ADVANCE  PREPARATION 

Duplicate  one  copy  of  the  spirit  master  for  each 
student. 

EVALUATION  SUGGESTIONS 

Distribute  the  answer  pages  and  read  the  text  to  the 
class.  Walk  among  the  children  while  they  are  work¬ 
ing  to  provide  help  with  spelling  and  writing. 

Criteria.  The  students'  answers  might  include  some  of 
the  following  ideas: 

•  Some  animals  would  have  to  leave  the  cave  to  find 
plants  because  all  food  chains  and  webs  begin 
with  plants;  plants  could  not  grow  in  a  dark  cave. 

•  Animals  need  air. 

•  Animals  need  water. 

•  The  animals  got  in;  therefore  there  must  be  an 
opening. 

Students  who  gave  answers  relating  to  plants  in  a 
food  chain  (or  web)  indicate  a  good  understanding  of 
the  dependence  of  all  life  on  food  produced  by 
plants.  Those  who  gave  answers  relating  to  air,  water, 


j 

; 

Name _ 


A  coal  miner  dug  through  a  wall  of  rock  and  discovered  a  cave  where 
some  spiders  and  many  kinds  of  insects  were  living.  The  miner  decided 
that  there  must  be  another  opening  from  the  cave  to  the  outside  How 
did  he  know  this? 


SUMS 

Cave-Living  Animals  Spirit  Master 
Communities' Evaluation  3 
c  1978  Rand  McNally  &  Company 


Figure  E-3.  The  Cave-Living  Animals  spirit  master. 


or  some  other  factor  may  or  may  not  understand  the 
food  dependency;  those  who  suggested  no  relation¬ 
ship  need  help. 

Follow-up.  If  pupils  gave  unsatisfactory  answers,  re¬ 
view  with  them  their  experiences  with  food  chains 
and  food  webs  such  as  the  class  chart  and  their  stu¬ 
dent  manual  illustrations  of  actual  food  webs. 
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EVALUATION 

ACTIVITY 

4  Decomposers 


SYNOPSIS 

The  students  show  their  understanding  of  the 
function  of  decomposers  In  a  community  and 
of  the  effect  of  reproduction  on  the 
community. 

Administer:  to  the  entire  class  after  Chapter  15 

Suggested  time:  10  minutes 


EVALUATION  MATERIALS 
For  each  child: 

1  copy  of  Decomposers  answer  page  * 

For  the  class: 

Drawer  1 

Decomposers  spirit  master 

*  provided  by  the  teacher 


ADVANCE  PREPARATION 

Duplicate  one  copy  of  the  Decomposers  answer  page 
for  each  student. 

EVALUATION  SUGGESTIONS 

Distribute  the  answer  pages  and  ask  the  children  to 
compare  diagrams  A  and  B.  Explain  that  B  illustrates 
the  community  after  a  disease  has  destroyed  all  the 
animals.  Then  read  the  questions  and  ask  the  children 
to  write  their  answers.  Walk  among  them  while  they 
work  to  answer  questions  and  give  encouragement. 

Criteria. 

1.  and  2.  A  satisfactory  understanding  is  indicated  if 
a  child  answers  "yes"  to  question  1  and  defends  her 
answer  by  stating  that  so  long  as  there  are  decompos¬ 
ers  to  return  raw  materials  to  the  soil  and  atmosphere, 
the  plants  would  continue  to  grow  and  reproduce.  A 
correct  response  to  question  1  followed  by  an  in¬ 
adequate  explanation  indicates  a  less  satisfactory  un¬ 
derstanding,  while  incorrect  responses  to  both  ques¬ 
tions  indicate  the  need  for  further  help. 


Figure  E-4.  The  Decomposers  spirit  master. 


3.  Students  who  suggest  that  some  or  all  of  the  pro¬ 
ducers  will  be  consumed  more  rapidly,  or  even, 
"There'll  be  nothing  for  them  to  eat,"  probably  un¬ 
derstand  that  reproduction  increases  population  size 
and  that  will  decrease  the  food  supply  available  for 
the  plant-eating  consumers.  Children  who  also  men¬ 
tion  the  increased  food  supply  available  to  animal¬ 
eating  consumers  also  evidence  understanding  of  re¬ 
production. 

Children  who  say  there  will  be  no  difference  may 
understand  reproduction  itself  but  are  not  exhibiting 
an  understanding  of  the  effect  of  reproduction  on  a 
community.  These  children  can  be  helped  by  review¬ 
ing  the  previous  examples. 

Follow-up.  Review  the  class  Community  charts  with 
the  children  who  gave  unsatisfactory  answers.  Do 
they  know  the  function  of  decomposers  in  maintain¬ 
ing  a  supply  of  raw  materials  in  a  community?  As  far 
as  the  charts  indicate,  are  animals  essential  for  this 
process? 


102  /  Appendix 


EVALUATION 

ACTIVITY 

5  Communities 


SYNOPSIS 

You  have  an  opportunity  to  determine  the 
children’s  level  of  understanding  of 
competitors  and  of  a  biological  community. 

Administer:  to  the  entire  class  after  Part  Four 

Suggested  time:  10  minutes 

EVALUATION  MATERIALS 
For  each  child: 

1  copy  of  Pond  Community  answer 
page* 

For  the  class: 

Drawer  1 

Pond  Community  spirit  master 

*  provided  by  the  teacher 


ADVANCE  PREPARATION 

Duplicate  one  copy  of  the  spirit  master  for  each  child. 

EVALUATION  SUGGESTIONS 

Distribute  the  answer  pages  and  ask  the  children  to  fill 
in  the  diagram,  using  the  organisms  in  the  food  chains 
shown  at  the  top  of  the  page.  Assist  any  student  who 
cannot  read  by  reading  the  directions  and  the  food 
chains,  but  don't  explain  the  food  chain  concept. 

Criteria . 

1.  The  most  satisfactory  diagram  is  one  in  which  all 
organisms  are  shown  in  the  correct  compartments 
(plants  in  the  lower  section,  plant-eaters  in  the  middle 
section,  and  animal-eaters  in  the  top.  The  use  of  one 
term  each  for  pond  celery,  floating  fern,  and  fish 
(rather  than  repeating  them  for  the  various  food 
chains)  indicates  an  understanding  that  ''fish''  means 
a  population  of  fish,  "pond  celery"  a  population  of 
those  plants,  and  so  on. 

Children  who  do  not  group  organisms  of  the  same 
kind  (such  as  all  producers)  into  the  same  compart¬ 


ment  show  a  poor  understanding  of  populations  ane 
their  relationship  to  the  community. 

Children  who  do  not  insert  arrows  to  indicate  feed 
ing  relationships  may  have  forgotten  or  may  not  un 
derstand  that  community  illustrations  usually  shovi 
food  relationships. 

If  the  producers  are  placed  in  the  top  compartmen  j 
but  the  arrows  are  placed  correctly,  the  child  under1 
stands  food  chains.  But  he  is  also  demonstrating  a  lack 
of  understanding  of  the  pyramid  of  numbers  concept 
which  requires  that  producers  be  in  the  largest  com 
partment. 

2.  Children  who  indicate  four  or  more  of  the  follow 
ing  ideas  have  a  satisfactory  understanding  of  thei 
community  interactions. 

•  Fish  will  have  less  to  eat,  and/or  the  fish  popula 
tion  will  decline. 

•  Bears  and  humans  will  have  less  to  eat,  and/oi 
there  will  be  fewer  bears  and  humans. 

•  Lake  flies  will  die. 

•  Bats  will  die. 

•  More  pond  celery  will  be  eaten,  or  the  populatior 
will  increase. 

Children  who  mention  the  effect  on  the  pond  celery 
population  indicate  a  sophisticated  understanding  of 
the  interactions  within  a  community.  Children  who 
list  only  two  of  the  ideas  probably  do  not  fully  under- 


Figure  E-5.  The  Pond  Community  spirit  master. 
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stand  the  interactions  within  a  community.  Children 
who  cannot  think  of  any  results  of  the  floating  fern 
population  death  do  not  understand  the  concepts  of 
communities  or  food  chains  and  need  more  experi¬ 
ences  with  these  ideas. 

3.  Children  who  circle  plant  names  didn't  follow 
directions  or  don't  know  what  consumers  are.  Chil¬ 
dren  who  circle  humans  and  bear,  or  fish  and  flies, 
understand  that  these  animals  are  competitors.  If  the 
child  circles  one  animal-eater  and  one  plant-eater,  she 
does  not  understand  biological  competition  or  may 
be  confusing  the  term  with  combat,  as  when  a  bear 
fights  with  a  fish.  Children  who  circle  the  word  bats 
probably  do  not  understand  the  meaning  of  the  term 
competition. 

Follow-up.  Work  with  children  needing  further  help; 
use  very  simple  diagrams  of  food  chains.  If  you  learn 
they  still  do  not  understand,  provide  them  with  addi¬ 
tional  concrete  experiences:  they  can  observe  or¬ 
ganisms  in  an  active  terrarium,  feed  animals  at  home, 
and  so  forth.  Playing  the  Food  Web  game  in  a  small 
group  may  be  all  the  help  these  students  need. 
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Attitudes  in  Science 

These  comments  are  designed  to  help  you  assess  four 
major  attitude  areas  that  can  indicate  developing  sci¬ 
entific  literacy  in  children. 

When  using  this  phase  of  evaluation,  keep  in  mind 
the  question  "In  what  ways  is  the  child  behaving  like  a 
scientifically  literate  individual?"  During  your  day- 
to-day  science  teaching,  look  for  evidence  of  positive 
attitudes  in  the  following  areas: 

Curiosity.  Children  who  pay  particular  attention  to  an 
object  or  event  and  spontaneously  wish  to  learn  more 
about  it  are  being  curious.  They  may  give  evidence  of 
curiosity  by — 

•  using  several  senses  to  observe  organisms  and 
other  objects 

•  asking  questions  about  objects  and  events 

•  eagerly  examining  organisms,  equipment,  or 
other  materials  at  the  time  they  are  first  distrib¬ 
uted 

•  showing  interest  in  the  outcomes  of  experiments 

Inventiveness.  Children  who  generate  new  ideas  are 
being  inventive.  These  children  exhibit  original  think¬ 
ing  in  the  interpretation  phase  of  an  activity.  They 
may  give  evidence  of  inventiveness  through  actions  or 
verbal  statements  by — 

•  using  equipment  in  unusual  and  constructive 
ways 

•  suggesting  new  experiments 

•  describing  novel  conclusions  from  their  observa¬ 
tions 

Critical  thinking.  Children  who  base  suggestions  and 
conclusions  on  evidence  are  thinking  critically.  They 
may  exhibit  critical  thinking  largely  through  verbal 
statements  by — 

•  using  evidence  to  justify  their  conclusions 

•  pointing  out  contradictions  in  statements  by 
others 

•  changing  their  ideas  in  response  to  evidence 

Persistence.  Children  who  maintain  an  active  interest 
in  a  problem  or  event  for  an  extended  period  of  time 
are  being  persistent.  They  are  not  easily  distracted 
from  the  subject  at  hand.  They  may  give  evidence  of 
persistence  by — 

•  continuing  to  investigate  materials  after  the 
novelty  has  worn  off 

•  completing  an  activity  even  though  their  class¬ 
mates  have  finished  earlier 

•  redoing  an  experiment  while  making  some  ma¬ 
nipulative  or  procedural  changes  to  improve  the 
results 

Of  course,  the  behaviors  related  to  these  areas  are 
not  restricted  to  science;  they  may  be  observed  in 


other  curriculum  areas  when  suitable  opportunities 
exist. 

Observing  a  whole  class  busily  engaged  in  divers* 
activities  makes  attitude-evaluation  of  individuals  vii 
tually  impossible  for  one  teacher.  We  recommenc 
that  you  focus  your  attention  on  attitudes  demor 
strated  by  four  or  five  children  during  each  session 
You  may  do  this  by  following  an  alphabetical  class  Ms 
or  by  concentrating  on  one  or  two  teams  per  session 
If  you  learn  something  about  four  or  five  childrer 
during  any  one  session,  then  you  will  be  able  to  make 
a  note  about  each  child  four  or  five  times  in  the  teach 
ing  of  one  SCI  I S  unit.  Active,  vocal  children  will  gair 
your  attention  more  frequently;  quiet  children  ma) 
escape  your  notice  for  some  time.  Adopting  a  plan  foi 
observing  class  members  ensures  that  you  will  no 
overlook  any  individuals. 

In  addition  to  observing  the  children,  an  effective1 
way  to  measure  attitudes  is  to  ask  divergent  question; 
about  the  work  they  are  doing.  By  listening  carefulh 
to  their  responses,  you  will  obtain  significant  feed 
back  regarding  their  attitudes. 

Keeping  records.  Space  is  provided  on  the  Class  Pro¬ 
file  sheet  (Evaluation  Materials  envelope,  drawer  V, 
for  recording  observations  about  each  student's  at¬ 
titudes  four  times  during  the  unit.  In  the  "Notes"  col¬ 
umn,  you  may  include  a  short  statement  indicating 
what  you  observed  each  time  the  child  was  selected. 
Many  teachers  make  their  notes  while  the  children 
are  cleaning  up  at  the  end  of  the  activity. 

The  use  of  this  informal  but  organized  assessment 
system  will  provide  you  with  a  great  deal  of  informa¬ 
tion  about  the  children's  development  and  will  assist 
you  in  planning  for  effective  instruction  in  science. 
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Perception  Of  the  Science  Class  Report 

Classroom  Environment 


This  activity  indicates  how  the  children  assess  the  na¬ 
ture  of  the  classroom  during  science  —  or  how  they 
would  like  it  to  be.  The  activity  answers  the  following 
questions: 

•  What  do  the  children  think  about  major  topics 
studied  in  this  Part  of  the  unit? 

•  Do  the  children  see  science  class  time  being  used 
n  the  way  you  intend  it  to  be  used?  Do  they  feel  that 
they  are  active  participants? 

•  Which  kinds  of  science  activity  —  experimenting, 
writing  or  drawing,  listening  to  the  teacher,  discussing, 
ar  reading — do  they  generally  prefer? 

Children  are  sensitive  to  suggestions  from  adults.  To 
avoid  unduly  influencing  pupils'  perceptions  of  the 
classroom,  you  must  be  completely  noncommittal 
about  what  you  think  is  most  important  or  most  in¬ 
teresting. 

In  our  experience,  most  children  prefer  experiment- 
ng,  but  some  do  prefer  to  read  or  listen  to  the  teacher. 
Certainly  all  five  kinds  of  activity  are  important  in  a 
balanced  science  program,  and  they  should  be  com- 
Dined  in  a  way  that  benefits  children  most.  In  field  tests 
Df  these  materials,  teachers  reported  that  they  could 
anticipate  many  children's  responses,  but  that  there 
were  usually  a  few  whose  perceptions  or  preferences 
surprised  them  and  helped  them  to  adjust  their  teachi¬ 
ng  accordingly. 

The  following  activity  has  been  written  in  a  style 
similar  to  that  of  the  regular  SCI  I S  activities  in  the  hope 
hat  the  children  will  see  it  as  a  natural  part  of  the 
earning  sequence  rather  than  as  a  formal  examination. 
The  activity  may  be  used  at  the  end  of  each  Part  in  the 
jnit. 


SYNOPSIS 

Children  use  a  report  form  to  indicate  (1)  their 
opinions  about  topics  investigated  in  the  Part 
just  completed;  (2)  how  they  think  their 
science  class  time  was  used;  and  (3)  which 
kinds  of  science  activity  they  liked  best. 

Administer:  to  entire  class  at  conclusion  of  each 
Part 

Suggested  time:  five  to  ten  minutes 

EVALUATION  MATERIALS 
For  each  child: 

1  Science  Class  report  page* 

For  the  class: 

Drawer  1 

Science  Class  report  form  spirit  master 
(Evaluation  Materials  envelope) 

'  provided  by  the  teacher 


ADVANCE  PREPARATION 

Duplicate  the  required  number  of  the  Science  Class 
Report  pages.  (If  you  are  using  this  activity  for  the  first 
time,  you  will  probably  want  to  make  enough  copies  to 
use  the  activity  at  the  end  of  each  Part  in  this  unit.) 

For  question  1,  list  on  the  chalkboard  the  major 
topics  or  activities  investigated  in  the  Part  just 
completed. 

Your  list  could  include  some  of  the  following: 

Part  TOPIC 

1  drawing  food  chains 

2  Salamander-Crickets-Seeds  chart 

3  using  burial  vials 

4  Community  game 

EVALUATION  SUGGESTIONS 

Distribute  copies  of  the  Science  Class  Report  page.  The 
first  time  you  use  this  activity,  explain  the  procedure  to 
the  class.  For  question  1,  have  the  children  copy  your 
list  of  major  topics  from  the  chalkboard.  Ask  them  to 
rate  the  topics  by  writing  their  opinions  on  the  lines 
provided  —  either  in  words  (interesting,  boring,  dif¬ 
ficult,  easy,  seemed  long,  seemed  short,  etc.)  or  by 
means  of  letter  grades.  For  question  2,  ask  the  children 
to  circle  the  word  that  best  describes  the  amount  of 
time  they  think  was  spent  on  each  kind  of  activity 
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during  the  Part.  For  question  3,  ask  them  to  circle  one 
or  two  of  the  words  or  phrases  in  question  2  that 
describe  the  kinds  of  activity  they  prefer. 

Collect  the  papers  and  review  the  responses.  Look 
for  topics  that  aroused  a  great  deal  of  interest,  and 
follow  these  up  with  additional  optional  activities  from 
the  appropriate  chapters.  Look  for  "weak"  spots  — 
topics  or  activities  that  were  not  well  liked  by  a  large 
number  of  pupils.  Try  to  identify  the  reasons  for  such 
negative  opinions.  Discuss  these  reasons  with  the 
class,  and  invite  the  children  to  suggest  ways  of  modify¬ 
ing  the  treatment  of  the  topic  that  would  make  it  more 
interesting. 

As  you  review  responses  to  questions  2  and  3,  keep 
in  mind  that  a  balanced  program  includes  all  the  kinds 
of  activities  listed;  but  in  an  investigative  program  such 
as  SCIIS,  experimenting  usually  should  be  most  prom¬ 
inent,  and  reading  and  listening  to  the  teacher  usually 
least  prominent.  If  the  children  perceived  a  different 
emphasis  than  you  intended,  review  "Helping  Chil¬ 
dren  Learn  with  SCIIS"  (page  xvi)  and  the  "Teaching 
Suggestions"  in  the  next  few  chapters,  to  help  you  plan 
future  science  periods. 


Glossary 


The  definitions  in  this  glossary  are  intended  for  your  use  and  quick  refer¬ 
ence.  We  do  not  recommend  that  you  use  them  verbatim  to  answer 
children’s  questions. 


abdomen -the  posterior  section  of  the  body  of  an 
insect. 

abiotic-  not  from  or  of  an  organism. 

aged  tap  water-tap  water  that  has  been  standing  in 
an  open  container  at  least  two  days,  allowing 
chlorine  to  escape. 

animal-eater -an  animal  that  uses  other  animals  as  a 
food  source;  usually  a  predator. 

antenna  -  one  of  the  jointed  appendages  occurring  in 
pairs  on  the  heads  of  insects  (such  as  crickets). 

aquarium-a  container  of  water  in  which  water¬ 
dwelling  plants  and  animals  live. 

aquatic- living  in  water. 

bacteria -a  group  of  microscopic  organisms;  some 
are  decomposers  that  break  down  (decay)  feces 
and  dead  organisms.  Bacterial  action  can  often 
be  recognized  by  a  foul  smell. 

barrier- any  object  or  condition  that  prevents  disper¬ 
sal  of  organisms. 

biotic -from  or  of  an  organism. 

biotic  potential -the  theoretically  largest  possible  in¬ 
crease  in  any  population  of  organisms  if  one  as¬ 
sumes  a  maximum  number  of  births  and  no 
deaths. 

community-  a  group  of  plants  and  animals  that  live  in 
the  same  area  and  are  dependent  on  one  another 
for  food  and  other  requirements. 

competitors -the  name  applied  to  two  or  more  or¬ 
ganisms  or  populations  using  the  same  food, 
space,  raw  materials,  light,  etc. 

controlled  experiment- an  experiment  consisting  of 
at  least  two  setups  that  are  alike  in  all  ways  but 
one  —  the  variable  whose  effect  is  being  investi¬ 
gated. 

cotyledon -the  part  of  the  seed  containing  stored 
food,  used  by  the  embryo  for  its  initial  growth. 
Bean  seeds  have  two  cotyledons  (the  two  large 
parts);  corn  seeds  have  one  cotyledon. 


decay -the  breakdown  of  organic  material  due  to  the 
digestive  action  of  microorganisms  such  as 
molds,  bacteria,  and  yeasts. 

decomposers -the  group  of  organisms  in  a  commu¬ 
nity  (usually  bacteria,  molds,  and  yeasts)  that 
causes  decomposition  (decay)  of  organic  matter. 
Other  groups  are  producers  and  consumers. 

development  -  passage  from  one  stage  of  maturation 
to  the  next,  recognized  by  the  appearance  of  new 
structures  such  as  flowers  on  plants.  (See 
growth.) 

dispersal-the  random  movement  of  organisms  in 
various  directions. 

embryo-an  organism  in  the  initial  stages  of  its  de¬ 
velopment. 

environment-the  combination  of  all  external  factors 
that  affect  and  influence  the  growth,  develop¬ 
ment,  and  reproduction  of  organisms. 

environmental  factor- any  part  of  the  environment 
(such  as  chemicals,  water,  or  light)  that  affects 
organisms  and  to  which  they  respond. 

evidence -an  observable  effect  that  is  used  to  justify 
a  conclusion.  For  instance,  a  child  may  cite  the 
appearance  of  green  water  in  aquariums  kept  in 
the  light  as  evidence  that  light  turns  water  green. 

feedback- information  that  comes  to  a  person  as  a 
result  of  something  done  by  that  person.  A  child’s 
answer  to  your  question  provides  you  with  feed¬ 
back  about  earlier  instruction. 

food  chain -a  concept  that  can  be  diagramed  to  de¬ 
pict  the  food  relations  among  plants,  plant- 
eaters,  and  animal-eaters.  For  example: 

wheat  — >  crickets  — >  frogs  — »  raccoons. 

A  food  chain  may  consist  of  only  a  plant  and  an 
animal  population  that  eats  it.  For  example: 
corn  —*■  humans. 

food  web -two  or  more  interconnected  food  chains. 

generation -all  organisms  of  the  same  kind  born  at 
about  the  same  time. 

germinate-to  begin  to  grow;  to  sprout. 
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growth -increase  in  size.  (See  development.) 

habitat- the  place  in  the  environment  where  a  par¬ 
ticular  organism  normally  lives. 

larva -the  first  state  after  hatching  of  an  animal  that 
undergoes  metamorphosis. 

life  cycle -the  sequence  of  changes  as  an  organism 
develops  from  an  egg  to  an  adult,  which  in  turn 
produces  eggs  or  sperm  that  give  rise  to  the  next 
generation. 

molds -decomposers  characterized  by  a  fuzzy  ap¬ 
pearance.  Molds  may  be  any  of  several  different 
colors. 

optimum  -that  part  of  a  range  of  an  environmental 
factor  in  which  an  organism  lives  best.  (See 
range.) 

organism-an  individual  living  thing;  any  plant  or 
animal. 

photosynthesis -the  process  by  which  green  plants 
manufacture  food  from  water  and  carbon 
dioxide,  with  sunlight  as  the  source  of  energy. 

plant-animal-eater- any  animal  that  uses  both  plants 
and  animals  as  a  food  source. 

plant-eater-  an  animal  that  uses  plants  as  a  source  of 
food. 

population -a  group  ■of  organisms  of  the  same  kind 
living  and  reproducing  in  a  particular  area.  Popu¬ 
lation  size  is  determined  by  the  number  of  indi¬ 
viduals  in  the  group  and  not  by  the  physical  size 
of  the  individuals. 

predator- an  animal  that  captures  and  eats  other 
animals. 

prey- an  animal  that  is  caught  and  eaten  by  another 
animal. 

producers -the  green  plants  in  a  community.  They 
produce  the  food  that  supports  all  the  organisms 
that  live  in  the  community. 

pyramid  of  numbers -the  decrease  in  mass  or  num¬ 
bers,  from  producers  to  highest-order  consum¬ 
ers,  in  a  food  chain. 


range- all  the  intensities  of  an  environmental  fact; 
between  a  minimum  and  a  maximum.  A  range 
the  amount  of  water  may  be  from  dry  to  soake 
(See  optimum.) 

raw  materials -the  chemicals,  such  as  water,  carbcfl 
dioxide,  oxygen,  and  minerals,  that  are  incorp' 
rated  into  the  food  produced  by  green  plants. 

reproduction  -  the  process  by  which  new  members  it 
a  species  are  produced. 

seed  -  an  immature  plant  that  can  grow  into  a  matui 
plant  if  environmental  conditions  are  suitable. 

spore -the  reproductive  structure  of  a  mold,  corns! 
sponding  to  the  seed  of  a  higher  plant. 

sprout- to  begin  to  grow,  as  from  a  seed  or  bud. 

terrarium-a  container  of  soil  in  which  land  o 
ganisms  can  live. 

variable  -  a  condition  that  can  differ  from  one  expe 
iment  to  another. 

yeasts -the  decomposers  that  usually  break  dowf 
(decay)  fruits.  The  action  of  yeasts  is  similar  t 
that  of  molds  and  bacteria. 
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The  organisms  used  in  the  SCI  IS  life  science  units 
have  been  chosen  for  their  resiliency  and  ease  of 
maintenance  as  well  as  their  behavior,  feeding  rela¬ 
tionships,  and  life  cycles;  no  complicated  feeding  or 
housing  arrangements  are  required.  Nevertheless, 
some  preparations  for  the  arrival  of  organisms  are 
necessary.  Aquatic  organisms,  for  instance,  need 
aged  tap  water,  in  which  the  chlorine  content  is  re¬ 
duced  below  the  level  that  is  harmful  to  the  or¬ 
ganisms.  Terrestrial  organisms  need  a  container  with 
plants  or  animals  that  serve  as  food.  On  the  following 
pages  you  are  given  both  background  and  mainte¬ 
nance  information  on  the  plants  and  animals  studied 
in  this  unit,  as  well  as  general  information  on  planning 
and  ordering  procedures. 

BANNING  THE  UNIT  SCHEDULE 

.iving  organisms  are  the  focus  of  the  children's  inves¬ 
tigations  in  the  SCI  IS  life  science  units.  Ordering  and 
naintaining  the  organisms  during  the  teaching  pro¬ 
gram  are  therefore  important  responsibilities  for  you 
ind  your  pupils. 

In  planning  to  teach  a  life  science  unit,  first  examine 
thre  “Schedule  of  Activities"  on  the  last  page  of  this 
>uide.  The  schedule  identifies  the  activities  in  the  unit 
and  indicates  the  approximate  time  required  for  each 
ane.  Also  indicated  are  the  times  when  organisms 
should  be  ordered.  Use  the  schedule  along  with  the 
ollowing  instructions  to  make  sure  that  you  receive 
iving  organisms  when  you  need  them. 

3RDERING  LIVE  ORGANISMS 

he  seeds  and  live  organisms  for  SCIIS  are  to  be  ob- 
ained  through  Rand  McNally  &  Co.  In  each  kit  you 
vill  find  an  envelope  containing  one  or  more  forms  to 
>e  used  in  ordering  the  organism  shipments. 

Vhat  to  order.  The  contents  of  the  Communities 
ihipments  are  as  follows: 

C-1 :  Crickets. 

C-2:  Crickets,  salamanders,  isopods,  mealworms, 
moss. 

Vhen  to  order.  As  you  proceed  through  the  Teacher's 
juide,  watch  the  “Getting  Ready"  notices — you  will 
)e  reminded  to  send  in  each  order  form  well  in  ad- 
ance  of  the  time  when  you  will  need  the  shipment.  It 
s  very  important  to  you  and  the  children  that  the 
>rganisms  arrive  on  time:  You  must  make  sure  that 
be  order  is  mailed  three  weeks  before  the  shipment  is 
eeded.  This  is  because  we  must  not  only  process  the 
>rder,  package  the  shipment,  and  allow  time  for  ship- 
iing,  but  in  some  cases  must  also  assist  the  animals. 
)ther  organisms  must  be  carefully  selected  so  that 
ley  will  be  the  correct  age  and  size  and  in  proper 


condition  for  use  in  the  classroom. 

How  to  order.  Complete  the  order  form  for  the  ship¬ 
ment,  including  the  date  when  needed,  your  name, 
and  the  school's  exact  address.  Do  not  have  these 
shipments  sent  to  your  district's  central  supply  de¬ 
partment  or  warehouse!  The  arriving  organisms  will 
need  your  care  immediately  and  must  not  sit  on  a 
shelf.  To  prevent  your  shipment  from  being  treated 
casually  when  it  arrives  at  your  school,  forewarn  the 
mail  or  package  sorter  of  its  impending  arrival  and 
firmly  request  that  you  be  notified  as  soon  as  it  is 
received.  Too  many  organisms  have  died  in  their 
shipping  containers  after  languishing  for  a  week 
under  a  counter,  only  a  few  doors  away  from  the  wait¬ 
ing  children. 

Preparing  for  arrival.  The  preparations  necessary  for 
SCIIS  organisms  are  minimal,  but  they  are  important. 
The  sooner  you  can  get  the  organisms  out  of  their 
shipping  containers  and  into  their  proper  habitats,  the 
better  for  the  organisms. 

Before  any  organisms  arrive,  tell  the  children  that  in 
handling  the  plants  and  animals,  they  should  be  as 
careful  as  they  would  be  with  their  own  pets.  No  SCIIS 
organisms  will  harm  them,  but  the  children  should 
keep  their  hands  away  from  their  faces  while  working 
with  the  organisms  and  wash  their  hands  afterward. 

Sand  and  soil.  These  items  are  provided  with  the 
equipment  kit  and  have  been  carefully  chosen  for 
suitability  with  the  organisms  and  equipment  in  the 
program. 

The  soil  has  been  pre-mixed  in  the  proper  propor¬ 
tions  for  good  growth  and  drainage,  and  it  needs  no 
further  preparation. 

Plants.  In  some  units,  arriving  terrarium  animals 
(such  as  the  crickets  in  Communities)  should  have 
growing  plants  waiting  for  them. 

PLANTING  SEEDS 

Even  when  adult  plants  are  killed  by  natural  catas¬ 
trophes,  the  plant  population  can  survive  because  of 
seeds:  the  plants'  genetic  material  and  some  food  are 
stored  in  the  seeds,  which  can  germinate  after  condi¬ 
tions  again  become  favorable.  In  the  meantime,  the 
seeds  can  survive  for  months  or  years  without  addi¬ 
tional  food,  warmth,  or  water. 

A  seed  contains  not  only  the  embryo  of  a  new  plant, 
but  also  food  to  nourish  the  young  plant  until  it  can 
begin  making  its  food  by  photosynthesis.  Because  of 
that,  the  seedling's  early  growth  can  occur  in  the 
dark;  light  is  needed  only  when  the  plant  is  to  begin 
photosynthesis. 

Young  plants  develop  and  grow  according  to  the 
genetic  directions  in  the  seeds,  which  cannot  be 
changed  by  the  average  person,  and  their  environ- 
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merit,  which  is  affected  by  many  factors  that  you  can 
control.  The  “Care  of  Plants  in  the  Classroom"  section 
that  follows  gives  directions  for  providing  the  best 
possible  environment  for  SCI  I S  plants. 

The  seeds  are  shipped  with  the  kit  and  are  available 
for  your  use  as  soon  as  you  wish  to  begin  the  unit.  You 
are  probably  familiar  with  the  kinds  of  seeds  used  in 

sens. 

No  seeds  in  the  program  contain  toxic  materials  nor 
are  they  coated  with  such  materials.  Because  children 
may  put  seeds  in  their  mouths,  you  should  avoid 
using  seeds  sold  for  garden  use,  which  may  have  been 
treated  with  toxic  chemicals  to  retard  mold  growth. 
The  SCIIS  seeds  have  been  selected  for  high  viability: 
nearly  all  of  them  will  germinate,  provided  that  they 
are  planted  and  watered  properly. 

The  only  common  classroom  problem  children 
have  with  seeds  is  that  the  seeds  do  not  germinate. 
This  is  often  caused  by  excessive  watering.  Not  water¬ 
ing  will,  of  course,  also  result  in  no  germination,  but 
that  problem  is  unlikely  in  a  classroom. 

CARE  OF  PLANTS  IN  THE  CLASSROOM 

A  classroom  isn't  always  the  best  environment  for 
plants.  Your  room  may  be  very  dry,  cold,  hot,  bright, 
or  any  combination  of  factors.  But,  by  concentrating 
on  the  three  environmental  factors  over  which  you 
can  have  some  control — water,  light,  and  tempera¬ 
ture — you  will  have  success  with  the  SCIIS  plants. 

Before  beginning  the  unit  decide  where  you  will 
grow  the  plants,  keeping  in  mind  the  amount  of  light, 
temperature,  and  drafts.  Also  consider  whether  the 
plants  will  be  bumped  into  often,  and  if  the  children 
will  be  able  to  observe  them  easily.  Using  the  follow¬ 
ing  list  will  help  you  to  find  the  best  place  for  your 
plants  and  to  give  them  good  care. 

Water. 

•  The  amount  of  water  is  the  most  important  en¬ 
vironmental  factor  for  plant  development  and 
growth.  While  classroom  temperature  and  light 
variations  can  speed  up  or  slow  development  and 
growt*h,  excessive  water  variations  quickly  kill 
plants.  A  fast-  or  slow-developing  plant  is  infi¬ 
nitely  better  than  a  dead  one! 

•  Use  enough  water  to  darken  the  soil. 

•  The  soil  is  too  wet  if  (1)  you  can  squeeze  water 
from  a  large  pinch  of  soil,  (2)  you  can  see  water  in 
the  planter  base,  or  (3)  a  seed  rots. 

•  The  soil  may  be  too  dry  if  (1)  a  pinch  of  soil  crum¬ 
bles,  (2)  the  seeds  in  it  don't  sprout,  or  (3)  the 
seeds  in  it  sprout  later  than  seeds  planted  in  mois- 
ter  soil. 

•  We  can  give  no  prescription  for  how  much  water 
should  be  given,  or  how  often.  Each  classroom  is 
different,  and  you  must  watch  your  plants'  soil. 


•  The  heat  and  low  humidity  in  some  classroon 
cause  plants  and  soil  to  dry  out  very  rapidly, 
such  rooms  avoid  placing  the  plants  in  any  draft! 

•  For  vacation  periods  place  all  the  plants  togethe 
water  liberally,  cover  with  a  large  plastic  sheet 
drop  cloth  or  dry  cleaners'  bag),  and  leave  th 
light  source  on  (outside  the  plastic  sheet)  to  he 
maintain  the  temperature  above  10°C  (50°F).  Te 
the  custodian  to  leave  the  light  on. 

Light. 

•  Light  is  not  needed  until  plant  parts  emerge  fro 
the  soil. 

•  After  emergence,  the  equivalent  of  a  100-wa 
bulb  about  80  cm  from  the  plant  is  sufficient  fc 
good  growth. 

•  To  estimate  the  proper  height  of  the  light  sourc 
above  the  plants,  hold  your  hand  next  to  th 
plants.  If  the  light  shining  on  the  back  of  you 
hand  feels  uncomfortably  warm,  raise  the  bulb, 
your  hand  feels  cool,  lower  the  bulb. 

•  The  light  source  supplied  in  the  kit  is  adjustabli 
Use  this  feature  for  altering  both  the  light  inter 
sity  and  the  temperature. 

•  Whether  the  light  is  from  sunlight  or  from  th 
light  source  in  the  kit,  the  plants  in  this  unit  wi 
grow.  Natural  light  is  better  than  artificial  unles 
you  have  so  much  sunlight  that  the  soil  and  plan 
dry  out  or  become  too  warm.  A  table  or  shelf  nee 
the  windows,  but  not  in  the  draft  of  the  heater  c 
air-conditioning  fan,  is  a  fine  place  for  storin 
plants. 

•  Window  sills  are  often  problem  spots.  Dependin 
on  the  time  of  year,  they  may  be  too  hot,  to» 
cold,  or  too  windy;  or  the  shades  and  curtain 
may  knock  over  the  plants. 

Temperature. 

•  15  to  35  degrees  Celsius  (59-95°F)  is  the  accep 
able  range.  However,  20-25°C  (68-77°F)  is  best 

•  If  you  use  the  light  source  provided  in  the  k 
remember  that  whenever  the  plant  is  receivin 
light  it  is  also  absorbing  heat  from  the  bulb,  an 
the  plant  may  be  much  hotter  than  the  room.  Ac 
just  the  lamp  height  as  necessary. 

•  The  heat  from  any  source  of  light  may  cause  th 
soil  to  dry  out,  which  is  critical.  Water  is  mor 
important  to  plants  than  either  light  or  heat. 
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’ossible  plant  problems.  In  spite  of  your  conscien- 
ious  care,  you  may  have  trouble  with  seeds  or  plants, 
f  you  do,  use  this  checklist  to  analyze  the  problem. 


A  CHECKLIST  OF  PLANT  PROBLEMS 


Failure  of  seeds  to  develop. 

_  Too  much  water  causes  rot.  Dig  up  one  seed.  If 

it  is  rotten  discard  the  seeds,  let  the  soil  dry  out, 
and  start  over. 

_  If  too  little  water  has  been  added,  the  seeds  will 

be  unchanged  from  when  they  were  planted. 
Water  the  soil  thoroughly  after  replacing  the 
seeds,  and  be  sure  they  are  not  receiving  too 
much  heat. 

_  You  may  not  have  waited  long  enough.  Some 

seeds  are  slower  to  develop  than  others, 
though  the  kinds  of  seeds  provided  in  the  kits 
should  sprout  within  nine  days.  Seeds  will 
develop  slowly  if  they  are  cold  or  haven't  re¬ 
ceived  enough  water. 

_  The  seeds  may  have  been  planted  too  deeply, 

or  the  soil  may  have  been  pounded  down  on 
top  of  them.  If  you  think  this  is  the  problem,  dig 
the  seeds  up  and  plant  them  again. 

_  In  any  group  of  seeds,  a  few  will  fail  to  develop. 

Assume  9  out  of  10  seeds  planted  will  develop, 
and  be  sure  the  children  plant  enough  seeds  to 
allow  for  this. 


Animals  on  the  plants  or  soil. 

_  This  usually  occurs  in  overwatered  plants.  Re¬ 
duce  the  amount  of  water  given,  and  be  sure 
none  is  standing  in  the  planter  bases. 

_  Animals  are  free  sources  of  live  organisms — 

use  them.  They  probably  will  show  different  life 
cycle  forms.  Aphids  and  gnats  are  common 
and  will  reproduce  on  plants  and  soil. 

Blemishes. 

_  Symptoms  such  as  discolorations,  leaf  curl, 

and  fuzzy  spots  on  soil  or  plants  are  probably 
caused  by  molds  or  other  fungi.  Dry  the  plants 


out  by  watering  them  less  and  increasing  the 
amounts  of  light  and  heat  they  receive. 

_  Blemished  plants  will  not  necessarily  die.  To 

prevent  infection  of  healthy  plants,  isolate  the 
infected  plants  until  they  recover. 

Breakage. 

_  Protect  plants  from  breaking  by  storing  them 

where  the  children  are  not  likely  to  knock  them 
over  or  brush  against  them. 

_  Allow  only  a  few  children  to  retrieve  their  plants 

at  a  time.  This  reduces  jostling  that  might 
otherwise  occur. 

_  Encourage  children  to  be  gentle  with  the  plants 

as  they  work  with  them. 

_  Avoid  storing  plants  near  windy  doorways  or 

windows,  where  they  might  be  blown  over. 

_  Use  support  sticks  and  ties  for  tall  plants  grown 

in  pots. 

Miscellaneous  problems. 

_  Sick-looking  or  dead  plants  may  have  lost  too 

much  water  over  the  weekend.  The  solution  is 
to  water  plants  more  on  Fridays,  or  to  cover 
them  with  waterproof  plastic  wrap,  being  care¬ 
ful  the  plastic  does  not  break  them. 

_  Diseases  are  possible,  but  unlikely.  Discard 

any  diseased  plants  and  plant  new  seeds. 

_  Weak  stems  are  usually  caused  by  an  over¬ 
abundance  of  water,  by  the  addition  of  more 
soil  after  the  plant  has  sprouted,  or  by  insuffi¬ 
cient  light.  Have  the  children  use  less  water, 
support  the  plants  with  sticks  and  ties,  and  be 
especially  careful  with  these  plants. 

_  Kinked  stems  can  be  salvaged  if  they  are  kept 

straight  with  splints.  Use  yarn,  tape,  or  a  twis- 
tem  to  attach  a  stick  or  pencil  to  the  weakened 
section  of  the  stem. 
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CARE  OF  ANIMALS  IN  THE  CLASSROOM 

All  the  animals  selected  for  use  in  this  program  will 
live  in  your  classroom.  However,  we  often  find  varia¬ 
tions  among  classrooms  that  can  cause  some  prob¬ 
lems.  Your  room  may  be  too  dry,  cold,  bright,  or  hot 
for  some  of  the  animals.  In  many  schools  the  heat  is 
turned  down  at  night  and  on  weekends;  some  schools 
are  dark;  in  others  the  blinds  must  be  pulled  down 
every  afternoon;  and  some  are  in  areas  of  very  low  or 
high  humidity.  Some  rooms  with  a  southern  exposure 
heat  up.  Rooms  with  windows  on  the  west  side  may 
have  bright  sunlight  at  four  or  five  o'clock,  after 
everyone  has  gone  home — everyone  but  the  or¬ 
ganisms,  which  then  find  themselves  literally  in  hot 
water.  The  next  morning  the  water  has  cooled  and 
everything  looks  normal,  but  many  organisms  are 
dead. 

To  prevent  such  disasters  and  the  resulting  disap¬ 
pointments  for  the  children,  set  aside  ten  minutes  to 
read  the  section  beginning  on  the  next  page,  describ¬ 
ing  the  key  points  in  maintaining  each  of  the  animals. 
Environmental  factors  which  can  severely  affect  class¬ 
room  animals  are  water,  light,  temperature,  and  food. 

•  Crickets  get  enough  water  from  the  terrarium 
soil.  If  their  environment  is  too  damp,  a  fungus 
may  grow  on  them,  and  so  we  have  provided  a 
cricket  house  for  them  to  perch  on  occasionally. 

•  Salamanders  need  moist  soil.  In  most  classrooms, 
putting  a  dish  of  water  in  the  terrarium  is  not  es¬ 
sential,  but  it  is  good  insurance,  especially  over 
weekends. 

•  Isopods  must  be  kept  in  a  damp  environment. 

•  Mealworms  get  their  water  from  the  piece  of  veg¬ 
etable  shipped  with  them,  which  must  be  re¬ 
placed  every  few  days. 

Light  and  temperature. 

•  The  presence  or  absence  of  light  alone  will  not 
harm  your  animals.  However,  the  light  source 
also  gives  off  heat  that  builds  up  inside  animal 
containers. 

•  Check  the  temperature  with  the  back  of  your 
hand,  as  described  on  page  75. 

•  For  each  animal,  there  is  an  optimum  tempera¬ 
ture,  but  none  of  the  animals  supplied  will  be 
harmed  if  you  keep  the  temperature  between 
10°C  (50°F)  and  25°C  (80°F). 

•  Temperatures  below  23°C  (75°F)  will  tend  to  slow 
the  rate  of  development  a  little.  But  as  with 
plants,  an  organism  that  develops  too  slowly  is  far 
better  for  your  purposes  than  a  dead  one. 

•  When  in  doubt  about  whether  to  raise  the  tem¬ 
perature  another  degree  or  two,  ask  yourself 
whether  there  is  danger  of  raising  it  too  much  if 
you  forget  to  monitor  the  increase.  If  so,  do  not 
try  to  raise  the  temperature.  Remember,  this  unit 


cannot  be  taught  without  live  organisms. 

Food. 

•  Crickets  will  eat  the  seeds  and  plants  in  the  t6 
rarium. 

•  Salamanders  eat  live  insects  or  moving  har 
burger. 

•  Isopods  aqd  mealworms  scavenge  food  from  tf 
terrarium  soil. 

PLANT  AND  ANIMAL  SHIPMENTS 
FOR  COMMUNITIES 

Crickets. 

Receiving  the  organisms.  You  receive  crickets 
Shipments  C-1  and  C-2.  They  should  be  distribute 
within  one  day  after  they  arrive.  Open  the  outer  be 
and  remove  the  cylindrical  cricket  container.  Do  n< 
open  the  lid  to  determine  if  most  of  the  crickets  at 
alive  and  well.  Instead,  hold  the  containers  so  th 
light  enters  and  you  can  see  through  the  screen, 
you  see  crickets  hanging  from  the  screen  or  perche 
at  various  angles,  they  are  probably  alive.  To  chec 
further,  set  the  container  on  its  side  on  a  flat  surfact 
Don't  touch  it  for  about  60  seconds.  You  will  he; 
rustling  as  the  crickets  move  about  if  most  of  them  an 
alive.  Gently  roll  the  container  about  a  half  turn  an 
listen  for  quick  rustling  movements  (the  crickets  ar 
readjusting  their  positions). 

Figure  L-1.  Cricket  eggs  and  adult. 


If  your  tests  indicate  very  little  or  no  cricket  activity 
slowly  lift  the  lid  and  look  inside.  If  more  than  a  qua 
ter  of  the  crickets  are  dead,  immediately  notify  th 
supplier.  Use  the  remaining  live  crickets  in  the  tei 
rariums,  but  await  the  live  replacements  before  pre 
ceeding  with  the  activity. 

Distribute  the  crickets  to  the  children  for  use  i 
Chapter  9  as  soon  as  possible.  If  you  need  to  kee 
these  animals  in  the  shipping  carton  for  another  da> 
be  sure  to  sprinkle  a  few  drops  of  water  on  the  screer 
and  do  not  leave  the  carton  in  sunlight. 

Classroom  care  and  maintenance.  Crickets  mus 
have  a  dry  place  to  roost  to  prevent  growth  of  a  fun 
gus  that  can  kill  them.  Moisture  is  necessary,  bu 
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enough  is  available  in  the  terrarium  soil,  and  so  no 
additional  water  is  necessary. 

Crickets  will  eat  everything  from  green  to  dried 
plants,  as  well  as  almost  all  kinds  of  seeds. 

As  with  all  SCI  IS  organisms,  get  the  crickets  into  the 
children's  terrariums  as  soon  as  possible.  The  ter¬ 
rarium  environments  are  always  much  better  for  the 
animals  than  the  shipping  containers. 

Description  and  natural  history.  The  house  cricket  is 
a  large-headed  insect  about  2.5  cm  (1  in)  in  length.  It  is 
usually  brown,  has  two  pairs  of  wings,  and  has  two 
long  antennae  at  the  front  of  the  head.  The  female  has 
a  long,  slender  ovipositor  (an  egg-laying  tube)  extend¬ 
ing  backward  from  the  rear  of  the  abdomen.  In  both 
sexes,  there  is  a  pair  of  short  spines  at  the  rear  of  the 
abdomen. 

Upon  reaching  adulthood,  the  male  cricket  is  able 
to  chirp;  this  sound  is  made  by  rubbing  a  leg  and  wing 
together.  Chirping  is  thought  to  be  a  means  of  attract¬ 
ing  females  and  establishing  territories. 

Although  these  crickets  require  a  relatively  dry  en¬ 
vironment,  the  female  lays  eggs  only  in  moist  soil.  She 
forces  her  ovipositor  into  the  soil  and  deposits  her 
eggs,  which  usually  hatch  in  about  three  weeks.  It  is 
not  necessary  for  her  to  mate  with  the  male  prior  to 
each  egg-laying,  because  she  is  able  to  store  sperm 
for  long  periods  of  time. 

The  life  of  the  cricket  consists  of  three  stages:  egg, 
nymph,  and  adult.  The  eggs  hatch  into  juvenile  forms 
called  nymphs,  that  look  like  small  wingless  adults.  As 
he  nymphs  grow,  they  molt  (shed  their  skins)  several 
imes  and  develop  wings.  The  maturation  period  usu- 
tlly  takes  about  four  to  eight  weeks. 

Disposal.  Crickets  make  excellent  food  for  reptiles 
ind  amphibians.  If  you  have  no  salamanders  or  other 
tungry  animals  available,  place  the  crickets  in  a  plas- 
ic  bag,  freeze  it,  and  discard  the  bag  and  its  contents. 

Salamanders. 

Receiving  the  organisms.  You  will  receive  eight 
salamanders  in  Live  Organisms  Shipment  C-2.  These 
inimals  should  be  distributed  to  the  children  as  soon 
is  possible  in  order  to  get  the  salamanders  into  a  suit- 
ible  environment.  If  they  must  be  kept  separate,  re- 
nove  them  from  the  shipping  container  and  place 
hem  in  a  plastic,  wood,  or  glass  container  with  a  se- 
:ure  top  or  with  sides  at  least  30  cm  (12  in)  high.  Add  a 
shallow  dish  of  water  and  place  the  container  out  of 
sunlight,  or  shield  it  from  the  sun's  rays.  Feeding  is 
leither  advised  nor  required  during  the  very  short 
)eriod  before  the  children  receive  the  salamanders. 

Handle  salamanders  gently  by  holding  the  body  be- 
ween  your  fingers  and  thumb.  As  soon  as  you  have 
hem  off  the  surface,  place  them  on  your  arm,  hand, 
)r  other  surface  to  carry  or  hold  them.  They  struggle 
'ery  little  when  resting  on  a  surface. 

Classroom  care  and  maintenance.  Salamanders 


Figure  L-2.  Salamander. 

need  moisture  available  at  all  times  to  prevent  their 
drying  out,  although  it  usually  can  be  in  the  form  of 
damp  moss,  grass,  or  soil,  rather  than  a  dish  of  water. 
Whenever  you  are  in  doubt  about  there  being  suffi¬ 
cient  moisture  for  a  weekend  or  holiday,  be  certain  to 
use  either  a  dish  of  water  or  dampen  the  soil  and 
plants  with  enough  water  to  guarantee  they  will  re¬ 
main  damp  until  you  return. 

Food  for  salamanders  consists  of  live  insects  or 
meat  such  as  hamburger,  moved  in  such  a  way  as  to 
fool  the  salamander  into  thinking  it  is  alive.  Salaman¬ 
ders  may  be  hand-fed,  but  that  does  not  mean  force 
feeding.  No  heroic  efforts  should  be  made  to  force 
salamanders  to  eat.  They  eat  regularly  at  normal  tem¬ 
peratures.  Fortunately,  their  decision  about  whether 
to  eat  or  not  does  not  seem  to  depend  on  the  pres¬ 
ence  of  loud-talking,  active  youngsters. 

As  with  all  SCI  IS  organisms,  distribute  these  animals 
to  the  terrariums  as  soon  as  possible. 

There  is  little  danger  of  harming  salamanders  by 
handling  them  as  long  as  the  animals  are  not 
squeezed  or  otherwise  maltreated.  A  lack  of  attention 
to  salamanders  outside  of  the  terrarium  may  result  in 
a  fall  from  a  desk  or  child's  hand;  this  can  cause  injury 
or  death  to  the  salamander. 

Description  and  natural  history.  Salamanders,  like 
other  amphibians  such  as  frogs  and  toads,  spend  all  of 
their  lives  either  in  water  or  in  damp  places  on  land. 
Salamanders  lay  their  eggs  in  water,  but  the  adults  live 
on  land  very  close  to  water. 

The  salamanders  you  are  likely  to  receive  (depend¬ 
ing  on  availability)  are  either  spotted  salamanders 
(Ambystoma  maculatum),  which  live  in  the  eastern 
half  of  the  United  States,  or  tiger  salamanders,  (Am¬ 
bystoma  tigrinum),  which  live  from  New  York  to 
California  and  as  far  south  as  central  Mexico.  Adults 
are  usually  from  10  to  25  cm  long,  have  a  moist,  dark 
skin  with  yellow  spots,  and  move  rather  slowly  unless 
startled.  The  two  species  are  very  similar  in  appear¬ 
ance,  though  the  tiger  salamander  has  large,  irregular 
spots,  while  the  spotted  salamander  has  smaller, 
round  spots.  In  addition,  the  length  of  an  "average” 
spotted  salamander  is  about  2  cm  less  than  that  of  a 
tiger  salamander. 
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Disposal.  If  your  school  or  school  district  has  a 
live-organisms  culture  center,  return  the  salamanders 
there  for  use  in  other  classrooms  where  Communities 
is  taught. 

Many  children  can  benefit  from  having  salamanders 
of  their  own.  The  animals  live  several  years  and  are  so 
easy  to  keep  that  you  probably  will  not  have  to  dis¬ 
pose  of  them.  If  it  does  become  necessary,  place  the 
salamanders  in  a  plastic  bag,  freeze,  and  dispose  of 
the  bag  and  its  contents. 

Isopods. 

Receiving  the  organisms.  You  will  receive  these 
animals  in  Live  Organisms  Shipment  C-2.  The  isopods 
fi-sa-'padz)  should  be  distributed  within  one  day  after 
they  arrive.  Check  to  see  that  most  of  them  are  alive.  If 
they  are  not,  report  it  to  the  supplier  immediately  so 
that  a  new  shipment  can  be  sent. 

If  you  need  to  keep  these  animals  in  the  shipping 
container  for  another  day,  be  sure  that  the  shipping 
soil  is  moist  to  the  touch,  and  that  you  do  not  allow 
the  isopods  to  dry  out  before  distributing  them. 
These  animals  breathe  by  means  of  gills,  which  must 
be  moist  at  all  times. 

Figure  L-3.  Isopods. 


Classroom  care  and  maintenance.  Isopods  need  lit¬ 
tle  care,  but  moisture  must  be  present  at  all  times.  If 
the  surface  soil  dries  out,  isopods  will  usually  be  able 
to  “follow  the  moisture"  by  burrowing  deeper  into 
the  soil. 

The  SCIIS  soil  has  sufficient  organic  matter  in  it  to 
supply  all  the  food  the  isopods  need,  so  there  is  no 
need  to  feed  them. 

As  with  all  SCIIS  organisms,  distribute  isopods  to 
the  children  as  soon  as  possible.  The  environment 
provided  by  the  children's  terrariums  is  far  superior  to 
that  of  the  shipping  container. 

Description  and  natural  history.  Like  their  rela¬ 
tives — crabs,  shrimps,  and  lobsters — most  isopods 
are  aquatic.  Certain  species,  however,  such  as  sow 
bugs,  pill  bugs,  and  wood  lice,  live  on  land.  These  are 
found  in  most  parts  of  the  United  States.  One  inter¬ 
esting  feature  about  the  isopods  used  in  this  unit  is 
that  they  are  among  the  few  terrestrial  animals  using 
gills  for  respiration.  It  is  for  this  reason  that  isopods 
must  be  kept  in  an  environment  that  is  moist  at  all 


times.  However,  isopods  can  “drown"  when  their  e  i 
vironment  is  too  wet. 

Isopods  eat  anything  soft  and  moist  and  thus  at 
effective  scavengers.  Because  they  are  able  to  dige! 
and  utilize  the  cellulose  in  wood  and  leaves,  they  ai 
often  found  in  forest  debris. 

Female  isopods  bear  as  many  as  20.0  young  afte 
mating.  The  female  carries  fertilized  eggs  in  a  broo 
pouch  on  the  underside  near  her  posterior  end.  TH 
young  emerge  from  the  brood  pouch  a  few  days  afte 
hatching  and  look  like  tiny,  pale  replicas  of  adu 
isopods. 

Disposal.  Like  other  organisms,  isopods  can  be  fro 
zen  and  discarded  in  plastic  bags. 

Mealworms. 

Receiving  the  organisms.  You  will  receive  mea 
worms  in  Live  Organisms  Shipment  C-2.  Open  th 
mealworm  shipping  container  and  look  for  the  golde 
wormlike  larvae.  They  are  usually  quite  active,  but  t 
see  if  they  are  alive  you  may  have  to  prod  some  c 
them  gently.  (If  the  container  is  cold,  the  mealworm 
will  not  move  even  if  prodded.  Warm  up  cold  mea 
worms  and  check  later  to  see  if  most  of  them  ar 
alive.)  If  more  than  a  quarter  of  the  mealworms  ar 
dead,  contact  the  shipper  and  request  more. 

Mealworms  are  used  for  the  activities  in  Chapters  1 
and  13.  If  you  do  not  use  all  the  mealworms,  stor 
them  in  the  shipping  container  in  a  dark  closet. 

The  shipment  arrived  with  a  piece  of  vegetable  ti 
supply  moisture  to  the  beetles.  Every  three  days 
check  to  see  if  the  vegetable  needs  replacing 
Potatoes,  celery,  apples,  carrots,  and  other  firm  ant 
bulky  vegetables  or  fruits  will  supply  moisture  withou 
drying  out  rapidly.  (Thin  vegetables  like  lettuce  tent 
to  dry  out  too  quickly.) 

Classroom  care  and  maintenance.  Mealworms  re 
quire  no  care,  because  they  will  eat  the  extra  seeds 
leaves,  or  humus  in  the  SCIIS  soil,  and  obtain  mois 
ture  from  the  periodic  watering  of  the  terrarium  soil 


Figure  L-4.  Mealworm  larvae  and  adult. 


Children  have  a  tendency  to  water  the  soil  in  the 
errariums  far  too  often.  This  excessive  moisture  can 
larm  the  mealworms,  but  usually  mealworms  live 
here  very  well,  as  the  children  will  discover  when 
hey  disassemble  the  terrariums. 

Description  and  natural  history.  Mealworms  derive 
heir  name  from  their  wormlike  appearance  in  the  lar¬ 
val  stage.  The  adult  has  the  wings  and  chewing 
nouth-parts  characteristic  of  all  beetles.  Mealworms 
ire  scavengers  found  in  stored  grain.  They  eat  grain, 
otting  plants,  dead  insects,  and,  occasionally,  each 
>ther. 

The  mealworm  life  cycle  is  interesting  because,  like 
nany  other  insects,  the  developing  larva  metamor- 
>hoses  (changes  form)  as  it  becomes  an  adult.  The 
aealworm  larva  sheds  its  skin  (molts)  several  times  as 
grows.  In  a  month  or  so,  the  active  larva  becomes  an 
lactive  pupa;  the  length  of  the  larval  stage  varies  de¬ 
ending  on  food,  moisture,  and  temperature.  The 
upa  stage  lasts  from  one  to  three  weeks,  during 
/hich  time  the  change  to  adult  beetle  takes  place, 
idult  males  and  females  mate  soon  after  emerging 
om  their  pupal  cases.  The  females  lay  eggs  that 
atch  into  larvae,  and  new  individuals  begin  their  life 
ycles. 

Disposal.  Mealworms  may  be  used  as  food  for  tur- 
es,  frogs,  toads,  lizards,  or  small  snakes.  If  you  have 
o  animal  to  feed  them  to,  place  them  in  a  bag  or 
□nvenient  container,  freeze  them,  and  then  discard 
lem. 
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The  equipment  kit  has  been  designed  to  help  you 
teach  the  unit  effectively.  Except  as  noted  below,  all 
materials  needed  for  a  class  of  thirty-two  students 
have  been  included.  The  items  are  packaged  for  con¬ 
venient  removal,  use,  and  reuse.  In  response  to  feed¬ 
back  from  users  of  SCIS,  we  have  placed  a  contents 
list  on  the  front  of  each  drawer.  In  addition,  the  chap¬ 
ter  “Teaching  Materials"  lists  are  now  arranged  by 
drawer  number. 

Familiarize  yourself  with  the  entire  kit  as  well  as 
with  the  diagram  and  lists  on  this  page.  You  should 
inventory  the  kit  before  beginning  to  teach  the  unit, 
using  the  lists  on  this  page  for  checkoff  and  notes. 

Drawer  1,  containing  the  printed  materials,  is  a  sep¬ 
arate  box.  Place  it  on  top  of  the  kit  as  indicated  in  the 
diagram. 

Some  common  items  are  to  be  provided  by  the 
teacher.  The  “Teaching  Materials"  list  for  each  chap¬ 
ter  indicates  what  you  are  to  provide,  and  the  “Get¬ 
ting  Ready"  notices  give  you  advance  warning  about 
these  items  when  necessary. 

The  live  organisms  studied  in  this  unit  are  not  in¬ 
cluded  in  the  kit.  Instead,  they  will  be  sent  separately 
when  your  completed  order  forms  are  received. 
Complete  directions  for  ordering  are  on  page  109. 


Drawer 

Item  Description  and  Quantity 

1 

1  Teacher’s  Guide 

32  student  manuals 

2  sets  of  Extending  Your  Experience  care 
and  display  box 

1  evaluation  envelope 

1  Cotyledons  and  Embryo  chart 

1  Growth  in  the  Light  graph 

1  Growth  in  the  Dark  graph 

1  Day  Guide  A 

2  Day  Guides  B 

1  Crickets-Seeds  chart 

1  Salamanders-Crickets  chart 

1  Salamanders-Crickets-Seeds  chart 

3  Community  charts 

1  sheet  chart  labels 

8  decks  Food  Web  Game  cards 

32  Food  Web  Game  diagrams 

1  Raw  Materials  label 

1  Light  label 

3  Food  labels 

1  Producers  label 

1  Consumers  label 

1  Decomposers  label 

1  Community  label 

8  decks  Communities  Game  cards  (2 
each — Desert,  Prairie,  Forest,  Pond) 

8  Communities  Game  directions 

8  cricket  houses 

1  Everglades  picture,  large 

1  Growth  of  Seed  Parts  graph 

16  Everglades  pictures,  small 

2 

1  light  source 

4  trays 

6  water  sprinklers 

1  bag  wire  hooks 

2  planter  bag  supports  (4  feet,  2  wire  frame. 
36  planter  bags  (ziplock) 

1  set  of  Live  Organisms  Shipments  order 
forms 

3 

48  plastic  vials  with  caps 

1  package  rice  seeds 

5  packages  bush  bean  seeds 

1  package  corn  seeds 

1  package  wheat  seeds 

1  package  lima  bean  seeds 

2  packages  grass  seeds 

1  package  mustard  seeds 

1  package  radish  seeds 

1  package  of  yeast 

1  sheet  labels 

64  wooden  sticks 

64  twistems 

5  plastic  bags,  large 

3  sheets  adhesive  dots,  green 
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)rawer 

Item  Description  and  Quantity 

3 

1  sheet  adhesive  dots,  yellow 

3  sheets  adhesive  dots,  red 

1  sheet  adhesive  dots,  orange 

4 

4  six-liter  containers 

8  six-liter  container  lids 

32  planter  bases 

16  ninety-ml  plastic  cups 

8  tumblers 

16  rulers 

8  cricket  feeders 

5 

4  six-liter  containers 

48  planter  cups 

8  tumbler  lids  with  holes 

32  planter  sticks 

16  square  bases 

1  package  germination  discs 

24  cotton  rolls 

Sand  and  Soil  box 

1  bag  of  sand 
5  bags  of  soil 

Live  Organisms  Shipment  C-1 

50  crickets 

Live  Organisms  Shipment  C-2 

80  isopods 
200  mealworms 
8  pieces  moss 
8  salamanders 
100  crickets 
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Communities  Schedule  of  Activities 

WEEK 

CHAPTER  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 


Review 

Plants  as  Food 

Looking  at  Seeds 

What  Seed  Parts 

Develop  and  Grow? 

Do  Plants  Need 

Light  to  Grow? 

Cotyledons 

A  Habitat  for 

Plants  and  Animals 

Beans  Forever 

Plant-Eaters 

How  Much  Food  Do 

Crickets  Eat? 

Animal-Eaters 

More  Plant-Eaters 

What  Happens  to 

Dead  Organisms? 

Bananas  and  Yeast 

Reproduction 

Producers,  Consumers, 
and  Decomposers 

Communities 
of  Organisms 

Communities  Game 

Humans  in  the 

Community 

★  Order 

Shipment  C-1 


★  Order 
^  Shipment  C-2 


★  NOTE:  Use  Form  C-1 
to  order  Shipment  C-1 
three  weeks  before  you 
plan  to  begin  Chapter  9. 


NOTE:  This  schedule  is 
based  on  3  science  sessions 
a  week. 


★  NOTE:  Use  Form  C-2 

★  to  order  Shipment  C-2 
three  weeks  before  you 
plan  to  begin  Chapter  11. 


•  Getting  Ready  or 
Advance  Preparation 


Experimenting,  recording,  discussing 
Watering,  observing 
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